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Wastewater is commonly utilized for agricultural lands in India and countries in arid 
and semi-arid areas; or disposed into fresh water streams, which again can be used for 
agricultural purposes. Although this treatment generally increases crop production, however, 
it results in the accumulation of toxic substances in soil and in the crop as sewage is usually 
contaminated with pollutants such as heavy metals and polychlorinated substances from 
domestic and industrial wastes that enter into the sewer system. Industrial and agricultural 
activities have led to a substantial release of toxic heavy metals in the environment, which 
can constitute a m.ajor hazard for the ecosystem and human health. 
Antibiotic resistance is a public health concern of great urgency due to growing 
inefficacy of antimicrobial agents to treat infectious diseases. This is mainly due to the 
propagation of antibiotic resistance genes among bacteria, which is exacerbated by the 
overuse of antimicrobials in humans and the intensive use of antibiotics in animal agriculture. 
The use of antibiotics for clinical and veterinary purposes has become widespread from the 
late sixties, and it is therefore not surprising that antibiotic-resistant bacteria have become 
common. 
Pollution of environmental waters is a serious and growing problem all over the 
world. Although there is legislation dealing with this problem in various countries, water 
pollution from toxic chemicals still occurs. Aquatic organisms, such as fishes and mollusks, 
accumulate pollutants directly from contaminated water and indirectly through the ingestion 
of contaminated organisms. Genotoxic pollutants contaminate not only aquatic organisms but 
also the whole ecosystem and in the end, humans through contamination of our food. 
The demonstration that wastewater can induce genotoxic effects in aquatic and 
terrestrial species has stimulated interest in this area. Progress in this field is in large part due 
to the development and wide spread use of short-term genetic bioassays. Their simplicity, 
relative speed and low cost in experimentation, and small amount of samples required for 
analysis have permitted research in genetic toxicology to flourish. Results from genetic 
bioassays are relevant to human health because the toxicological target is DNA which exists 
in all forms of life. 
This study was focused to assess the genotoxicity of wastewater and soil irrigated 
with wastewater of Ghaziabad City (India) to predict the putative hazards of industrial and 
domestic waste. An additional aim of the study is to test heavy metals and antibiotics 
resistance in bacteria and biosorption potential of metals by multi-metal resistant isolates. 
The findings of the study along with their explanations are summarized as under: 
I. Quantitative determination of heavy metals and microbial flora of wastewater and 
soil 
> The atomic absorption spectrophotometric analysis of heavy metals (Cd, Cr. Cu, Fe, Ni. 
and Zn) in the test samples (wastewater and soil) from Ghaziabad (India) revealed high 
levels of Fe, Cr, Cu, Ni, and Zn in all the seasons. As compared to wastewater, soil 
contained higher levels of heavy metals. 
> Total coliforms, fecal coliforms and fecal streptococci were higher in wastewater samples 
as compared to that of soil, but the number of Pseitdomonas was much lower in 
wastewater than soil irrigated with wastewater. 
> The total aerobic heterotrophic bacteria, fungi, actinomycetes and asymbiotic N2 fixers 
were estimated in the wastewater as well as in soils. Microbial counts were evaluated on 
nickel and cadmium amended plates in the concentrations ranging from 50-200 j-ig/ml. 
> It was found that microbial count was highest when no metal added, but with increasing 
metal concentrations, a gradual decline in their numbers have been observed. The 
concentration 200 |.ig/ml of Cd and Ni inhibit majority of the microbial population. 
> The microbial count data of the test samples were adjusted to an exponential decay model 
at the increasing metal concentrations. The values of the slope (P), correlation coefficient 
(R) and residual m.ean square (RlvlS) were calculated by curve fitting for soil and 
wastewater samples. Asymbiotic N2 fixers were found to have maximum R and (3 values 
and minimum RMS value in soil at different concentrations of Ni and Cd. 
These findings clearly indicated that test wastewater and soil samples contained several 
heavy metals, high number of total coliform, fecal coliform and fecal streptococci; and data 
revealed that asymbiotic N2 fixers are the most affected microbial group with increasing 
concentration of heavy metals. The Present study also indicated that not all species have 
evolved resistance mechanisms for metals. Many sensitive species might have been 
eliminated by the pollutants and their place is taken by the resistant species which have 
different ecological properties. The resistant microorganisms often failed to perform specific 
ecological functions. To some extent, sensitive microorganisms not reached by heavy metals 
(e.g. inside mjcro aggregates) may have also contributed to the microbial counts. 
II. Heavy metal and antibiotic resistance in bacteria 
A total of 50 bacterial isolates from the wastewater and 75 from soil of Ghaziabad were 
isolated. All these bacterial isolates were tested for their resistance against different metal 
ions i.e. Ni'", Cd^^ Cu'", Zn", Pb^^ and Hg^ "". 
> High level of metal resistance was observed in bacteria isolated from wastewater and soil. 
Most of the isolates showed MIC of more than 200 fig/ml to these metals. Further, MIC 
values upto 6400 [.tg/ml were recorded. Majority of the isolates from wastewater and 
contaminated soil were resistant to multiple metal ions. 
> All the bacterial isolates were also tested for their sensitivity against different commonly 
used antibiotics/drugs and most of the isolates were resistant to multiple antibiotics. 
> All the bacterial isolates were also screened for their plasmid DNA. It was found that 
some of the bacterial isolates from wastewater and soil harbour one or more plasmids. 
> Some of the multiple antibiotic resistant bacterial isolates were also tested for the 
presence of the antibiotic resistance genes and transfer genes and the relaxase encoded by 
the Staphylococcus plasmid pSK4I and pT181. Four isolates (WS34, WS36, WS39 and 
WS40) were positive for mecA, and all the tested isolates were positive for erniB, tetM 
and isolates WS36 and WW26 were positive for vanB. 
> The DNA derived from multiple m.etal and antibiotic resistant bacterial isolates was also 
PCR amplified with Inc-specific primers and plasmid-specific sequences were analysed 
by dot blot hybridisation. All the samples gave positive PCR products and hybridized 
with trfA2 and or/T primers of the IncP group. 
These findings indicated that bacteria from wastewater and soil have develop resistance 
to multiple metals and antibiotics. All the isolates from wastewater irrigated agricultural soil 
resistant to multiple metals and antibiotics contain the IncP replication gene trfAl and the 
IncP oriT. Therefore, all these isolates carrying conjugative IncP plasmids have gene 
mobilizing capabilities which can result in the spread of muldple antibiotic and heavy metal 
resistance genes to the native bacterial soil population and to pathogens transferred to the soil 
by wastewater irrigation. Conjugative transfer of these genes iielps generate multiple resistant 
pathogens with potential of being incorporated by human beings via the food chain. 
ill: Biosorption of nickel and cadmium by metal resistant bacteria 
> Multiple metal resistant bacterial isolates were selected for biosorption of nickel and 
cadmium at different pH and initial metal concentrations. 
> The biosorption of Ni increases from 24.55 to 92.92 mg/g of ceil (dry w1.) and Cd from 
16.30 to 82.28 mg./g of cell (dry wt.) at a concentration ranging from iOO to 400 |Ag/mi 
after 2 h of incubation at pH 5 in single metal solution by E. coli WS11. 
> Biosorption data of nickel and cadmium by E. coli isolates revealed that biosorption 
increases as the initial metal concentration in the reaction mixture increases. 
> Nickel biosorption by two isolates WW8 and WW41 (both from wastewater) was higher 
in bimetal system as compared to single metal system. While the two isolates WSll and 
WS30 from soil showed lower biosorption in bimetal solution as compared to single 
metal system. 
> Four selected bacterial isolates (two each from wastewater and soil) were identified as 
Escherichia coli by 16S rDNA sequencing. 
> The results obtained shows that WSl 1 isolate has a higher binding capacity (.^ t) to nickel 
in the single metal solution than other bacterial isolates, while it has lower binding 
capacity for cadmium. 
The metal resistance and biosorption potential of the isolates demonstrated that these 
bacteria could be exploited in the bioremediation of Ni and Cd from wastewater and soil. 
However, the present study also indicated that despite these toxic stresses, these bacterial 
isolates had evolved resistance mechanisms to deal with metal toxicity, which included 
volatalization, extracellular precipitation and exclusion, binding to cell surface, and 
intracellular sequestration. 
IV: Genotoxicity of the wastewater 
> Gas chromatographic analysis of the two different sampling sites (Site I and Site II) 
revealed the presence of certain organochlorine and organophosphorus pesticides. 
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> Sampling sites (1 and II) sliowed the presence of BHC, DDE, DDT, Dieldrin. Aldrin. 
Endosulfan and organophosphorus pesticides Dimethoate, Malathion, Methylparathion 
and Chloq^yrifos. The level of these pesticides in site II was comparatively lower to that 
of site I. 
> The mutagenicity of the wastewater samples was evaluated with XAD concentrated and 
liquid-liquid extracted wastewater and it was found that the test sample showed 
maximum, response with TA98 strain in the presence as we!! as in the absence of S9 
fraction in both the sampling sites. 
> XAD concentrated samples show maximum mutagenic index of 16.5 (without S9 
fraction) and 18.4 (with S9 fraction) in site I, while site II exhibited less mutagenic 
activity (Mutagenic index =14.7 and 16.9) in the absence and presence of S9 fraction in 
the TA98 strain. 
> TA98 also showed maximum response in terms of induction factor (Mi) and slope (m) of 
the initial linear dose response curve as determined by linear regression analysis up to the 
increasing dose-response. 
> The order of responsiveness for most responsive tester strains based on the mutagenic 
index, induction factor and slope (m) in the presence and absence of S9 fraction for XAD 
concentrated samples were as follows: TA98 > TA97a > TAIOO. 
> Liquid-liquid extracted samples, the number of revertants increases with increasing dose 
up to 20 jj,l/plate. Again, the liquid-liquid extracted sample of site I was found to be more 
mutagenic as compared to site II. 
> The recA, lexA, andpolA mutants of £. coli K-12 were highly sensitive in the presence of 
test samples (XAD-concentrated and liquid-liquid extracted) of Site I and Site II. All the 
mutants invariably exhibited a significant decline in their colony forming units (CPUs) as 
compared to their isogenic wild type counterparts. The lexA and polA mutants were found 
to be the most sensitive strains. 
> The damage brought about in the cell in the presence of XAD-concentrates was found to 
be remarkably high as compared to liquid-liquid water extracts of the test sampling sites 
at the dose level of 20 (al/ml of culture. 
> XAD concentrated samples of site 1 displayed maximum decline and survival was 18% 
in pol A, and 31% in lex A, while in site II, the survival was 23% in polA, and 39% in 
lexA mutants. 
> Extracellular treatment of bacteriophage X with test samples also resulted in significant 
loss of plaque forming units. 
> Again significant decline was observed with XAD concentrated sample, which was 17% 
in lexA, and 27% in recA in sample I, and sample il showed a survival of 19% in lex A 
and 30% in recA mutants. 
> Similarly liquid-liquid extracted water sample I showed more decline in survival (21 in 
lexA and 31% in recA mutants respectively) in comparison to sample II (24 and 33% in 
lex A and recA mutants respectively) after 6h of treatment of the bacteriophage lambda. 
V: Genotoxicity of agricultural soil irrigated with wastewater 
> Gas chromatographic analysis of the wastewater irrigated soil samples revealed the 
presence of certain organochlorine and organophosphorus pesticides. 
> Soil samples were extracted with different solvents (methanol, acetonitrile, chloroform, 
hexane and acetone) and assayed for mutagenicity using Ames Salmonella test. 
> Agricultural soil irrigated with wastewater was found to be most responsive to the 
Salmonella tester strains as compared to that of ground water irrigated soil. 
> All the samples exhibited maximum mutagenicity with TA98 and TAIOO strains in the 
presence as well as in the absence of S9 fraction. There W3.S sn incrsssc in tli6 rcvcisiun 
of tester strains with increasing dose upto 40 |il/plate and a decline at the dose of 80 
nl/plate. 
> Extracts of soil with methanol were found to be more mutagenic in agricultural soil 
irrigated with wastewater than other extracts. Extraction of soil with acetonitrile, 
chloroform, hexane and acetone also displayed the maximum mutagenicity with TA98 
strain both in the presence and absence of S9 fraction. 
> The order of mutagenicity for different soil extracts of wastewater irrigated soil in terms 
of mutagenic potential of the initial linear dose response for the most responsive strain 
TAIOO with and without S9 fraction was in the following order: Methanol > Chloroform 
>Acetonitrilc > Hexane > Acetone. 
> The order of mutagenicity of different soil extracts of ground water irrigated soil in terms 
of slope (m) with and without S9 fraction for the maximum responsive strain i.e. l'A98 
was as. Methanol > Acetonitrile > Hexane > Chloroform > Acetone 
> Fhe methanolic extracts showed maximum number of net revertants per gram of soil for 
TAIOO in the absence (938 revertants/g of soil equivalent) as well as in the presence of 
S9 fraction (1008 revertants/g of soil equivalent). The mutagenic activity was enlianced 
in the presence of S9 for all the soil extracts tested. 
> As compared to their Isogenic wild-type, the survival was declined in recA, lexA and 
polk mutants of £. coli K-12 with different soil extracts. 
> polA and lexK mutants were the most sensitive strains v/hen tested with soil extracts but 
the decline was more pronounced when they were treated with extracts of soil irrigated 
with wastewater than ground water extracted soil. 
> The wastewater irrigated soil extracts displayed maximum decline in survival as 
compared to ground water irrigated soil extracts. The survival was 25% in polh, 45% in 
lexA and 52% in recA mutants when treated with methanolic extracts of wastewater 
irrigated soil, while the survival was 51% xwpolA. 61% in lex A and 69% in recA mutants 
in ground water irrigated soil extracts as compared to their isogenic wild-type counterpart 
after 6 h of treatment. 
> Soil extracts (wastewater irrigated) also show a maximum decline in plaque forming units 
as compared to ground water irrigated soil. Among all the strains, lexA mutant shows 
maximum decline in plaque forming units. 
> The methanolic extracts of wastewater irrigated soil show a decrease in survival upto 
22% in lex A and 40% in recA mutants. 
Mutagenicity assessment of wastewater and soil demonstrated that it has been polluted by 
a mixture of genotoxins with both bacterial mutagenic and genotoxic effects. These findings 
clearly indicated that the test samples preferentially act on G-C base pair mutants (frame 
shift) as compared to those having A-T base pairs at the site of mutation and also initiate the 
inducible error prone SOS response within the wastewater and soil extracts treated E. coli 
mutants. In view of the common practice of application of untreated wastewater to 
agricultural land in the neighboring area should be strictly prohibited as the pollutants might 
enter into the food chain and cause health hazards to humans. 
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Introduction 
1 
Land application of wastewater has been a worldwide agricultural practice in 
many countries since several decades (Baveye et a/., 1999; Anikwe and Nwobodo 2002; 
Bhogal et a!., 2003; Rousan 2007). However, long-term irrigation with industrial effluent 
inixed with the municipal wastewater has resulted in the excessive accumulation of 
pollutants in agricultural soils (such as heavy metals and polychlorinated substances from 
domestic and industrial wastes that enter the sewer system) and has brought a potential 
risk to human health due to the accumulation of pollutants through the food-chain (Graaff 
el ciL, 2002; Aleem and Malik 2003a, b; Song et al, 2006). 
Soil heavy metals pollution gives a strong stress on soil microbes, resulting in 
increase of pre-existing resistant bacteria and the appearance of new resistant microbes 
via lateral transfer of resistance genes (Coombs and Barkay 2005; Zhang et ciL, 2008). 
Soil shows a high diversity of bacterial species; it has been estimated that half of the 
known bacterial genera contain species which can be considered as soil bacteria. Elevated 
levels of heavy metals can affect the qualitative as well as quantitative composition of 
microbial communities (Malik et al., 2002; Lorenz et al., 2006). Heavy metal resistance 
has been reported to be an important characteristic of bacteria found in close proximity of 
the polluted sites that include water bodies and landfills (Murtaza et al., 2002). Metals are 
introduced into the aquatic systems as a result of weathering of soil and rocks, from 
volcanic eruptions and from a variety of human activities involving mining, processing 
and use of metals and/or substances containing metal contaminants. Metal traces entering 
natural water become part of the water sediment system and their distribution processes 
are controlled by a set of physical-chemical interactions and equilibria (Jain 2004). 
Microorganisms are generally the first to be affected by discharge of heavy metals 
into the environment (Weng et al., 2008). Similarly, microbial ecosystem can also 
drastically alter the fate of metals entering aquatic or soil environments (Stewart et al., 
2008). Bacteria, cyanobacteria and fungi can alter the form of occurrence of metals 
through intracellular accumulation, cell wall binding, siderophore interaction, 
extracellular mobilization or immobilization, extracellular polymer-metal interactions, 
transformation and volatilization of metals that affect their bioavailability. 
It is well known that the presence of heavy metals and other compounds in the 
environment can be detrimental to a variety of living species, including human. The main 
techniques which have been utilized to reduce the heavy metal contents ot^  effluents 
include precipitation/coagulation, chemical oxidation, biodegradation, adsorption, ion 
exchange, membrane processing, electrolytic methods, etc. These methods have been 
found to be limited, since they often involve high capital and operational costs and may 
also be associated with the generation of secondary wastes which present treatment 
problems (Aksu and Akpinar 2001). Using microorganisms as biosorbents for heavy 
metals and organic substcinces offers a potential alternative to existing methods for 
detoxification and recovery of these components from industrial Vv'astewaters. The special 
surface properties of microorganisms enable them to adsorb different kinds of pollutants 
from solutions. This passive bioaccumulation process (biosorption) has distinct 
advantages over the conventional methods: the process does not produce chemical 
sludges (i.e. non-polluting); it could be highly selective; more efficient; easy to operate. 
Hence, it is cost effective for the treatment of large volumes of wastewaters containing 
low pollutant concentrations (Mattuschka and Straube 1993; Aksu and Akpinar 2001). 
Water constitutes not only a way of dissemination of antibiotic-resistant 
organisms among human and animal populations, as drinking water is produced from 
surface water, but also the route by which resistance genes are introduced in natural 
bacterial ecosystems. In such systems, nonpathogenic bacteria could serve as a reservoir 
and platforms of resistance genes (Alonso et al., 2001; Baquero et al., 2008). Moreover, 
the introduction (and progressive accumulation) in the environment of antimicrobial 
agents, detergents, disinfectants, and residues from industrial pollution, as heavy metals, 
contributes to the evolution and spread of such resistant organisms in the water 
environment. The heavy use of prophylactic antibiotics in aquaculture (Cabello 2006) can 
be particularly relevant. On the contrary, environmental bacteria act as an unlimited 
source of genes that might act as resistance genes when entering in pathogenic organisms. 
So the antibiotic resistance, conferred by a series of antibiotic resistance genes (ARGs), is 
one of the major global public health issues that need urgent action (Levy 2002; Wright 
2007). ARGs have been found in various environments, including sediments (Pei et al., 
2006), river (Thompson et al., 2007), and groundwater (Chee-Sanford et al., 2001; Zhang 
et al., 2009a), plus influent, effluent, and activated sludge of sewage treatment plants 
(Auerbach et al., 2007). ARGs are considered as one group of emerging contaminants, as 
iheir widespread dissemination is clearly undesirable (Rysz and Alvarez 2004; Pruden el 
ai, 2006). in order to protect public health, it is important to address the critical problem 
of ARGs in various environments. Human and animal pathogenic and nosocomial 
bacteria are constantly released with wastewater into the water environment. 
The introduction of mutagens into the aquatic environment by wastewaters 
coming from different sources (industrial, domestic, hospital, agricultural) represents a 
major problem concerning drinking water resources and enviromnental protection of 
water bodies. It is extremelv difficult to ouantify the risk associated with these chemical 
pollutants because they usually occur in concentrations too low to allow analytical 
determination, and the putative mutagens with few exceptions in surface and wastewaters 
have never been identified (Jolibois and Guerbet 2005). A relevant aspect is that, 
although knowing the classes of compounds present in these complex mixtures is 
important for the choice of an appropriate method (Claxton et al., 1988; Ashby and 
Tennant 1991), this idenfificafion is not always possible (Vargas et al., 1995). 
Mutagenicity evaluations of surface water provide an indication of potential hazard due 
to lack of prior knowledge about the identities or physical/chemical properties of the 
putative toxicants. The Salmonella mutagenicity assay in particular has been widely used 
to detect mutagenic activity in complex environmental mixtures such as surface waters 
(Ohe et ai, 2004). 
In view of the above, research was undertaken to investigate the effect of 
wastewater from the industries of Ghaziabad City, UP, India on agricultural soil and its 
genotoxic effect. 
In the first chapter of the thesis, review of the literature is presented to become 
acquainted with the latest trends in the field of genotoxicity, heavy metal and antibiotic-
resistance and biosorption of heavy metals. 
The second chapter describes the general materials and methods like sampling 
sites, bacterial strains, composition of media and buffers etc. 
The third chapter includes the physico-chemical analysis as well as microbial 
status of the wastewater and soil viz. total coliforms, fecal coliforms, fecal streptococci, 
Pseudomonas, aerobic heterotrophic bacteria, fungi, asymbiotic N2 fixers, and 
actinomycetes. 
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The fourth chapter focuses on the detection of piasmid specific sequences from 
prevalent piasmid Inc groups and antibiotic resistance genes in muhiple metal and 
antibiotic resistant bacteria from wastewater and soils. 
Biosorption potential of the multi-metal resistant bacterial isolates in terms of Ni 
and Cd is presented in Chapter V. 
Genotoxicity of wastewaters and soils are presented in the sixth and seventh 
chapters respectively. The bibliography and summary is documented at the end. 
Chapter I: Review of 
literature 
Human activities, such as mining operations and the discharge of industrial wastes 
have rcsuhed in the accumulation of metals in the environment. Mining, processing, and 
smelting activities have contaminated soil and water resources with heavy metals (Valery and 
Eugene. 1998). Geochemical weathering processes acting upon metallurgical wastes and by-
products initiate the process of transporting heavy metals from contaminated areas and 
redistributing them to surrounding soils, streams, and groundwater. Thus, heavy metals can 
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and human populations (McGrath et ciL, 2001; Shi et al.. 2002a). Agricultural soil has both 
direct and indirect influences on public health via food production; it is therefore of great 
importance to protect this resource and ensure its sustainability. The rapid development of 
industry and increasing release of agrochemicals into the environment has led to growing 
public concern with respect to the potential accumulation of heavy metals in agricultural soil 
(Alloway 1990; Wong et al., 2002). Vegetables take up heavy metals by absorbing them 
from contaminated soils or from atmospheric deposition from polluted air. Chronic low-level 
intake of heavy metals has a negative effect on the health of humans and other animals, and 
no known medical treatment is able to reverse these health effects. 
Land disposal of municipal and industrial wastes and application of fertilizers and 
pesticides in agriculture has contributed to a continuous accumulation of heavy metals in 
soils (Adriano 1986; Sarkar 2002; Krumholz et al., 2003). The fate of toxic metallic cations 
in the soil environment depends largely on the interactions of these metals with inorganic and 
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transferred to a higher trophic level by means of herbivory (Beeby 1985; Hopkin 1989). 
Transfer of metals to various food chain compartments is influenced by many factors (Notten 
et al., 2005). Bacteria are generally the first organisms to be affected by discharges of heavy 
metals into the environment, resulting in an increase of metal resistant bacteria in these 
environments (Jain 1990; Silver 1996; Wang et al., 2008). Microorganisms have developed 
resistance mechanisms that lead to the selection of resistant variants that can tolerate metal 
toxicity (Roane and Kellogg 1996; Rosen 1996; Silver and Phung 1996). Microorganisms 
resistant to antibiotics and metals appear to be the result of exposure to metal-contaminated 
environments that cause coincidental selection for resistance factors for heavy metals and 
antibiotics (Foster 1983; Ramteke 1997). 
Ileaw metal pollution 
Heavy metals are widely used in industries and present an important environmental 
pollution. Heavy metals are among the most common environmental pollutants, and their 
occurrence in water and biota indicate the presence of natural or anthropogenic sources 
(Zarazua et al., 2006). There are various sources of domestic and industrial effluents leading 
to heavy metal enrichment of water, sediments and vegetations. The main natural sources of 
metals in water PJC weathering of minerals. Industrial effiuents, non-point pollution sources, 
as well as atmospheric precipitation can also be sources of increased concentrations of heavy 
metals. Air masses supplying acidic pollutants also carry significant amounts of certain 
metals which contaminate the terrestrial and in particular aquatic environments (Klavins et 
al., 2000). Besides the natural existence of metals in the soil, the treated industrial and 
domestic wastewater is being used for the irrigation of the agricultural land, which 
contributes significantly towards the contamination of the soil in wastewater receiving area 
(Sinha et al., 2006). Mining is one of the most important sources of heavy metal 
contamination in the environment (Passariello et al., 2000; Lim et al., 2008) 
Metals can be divided into four major categories on the basis of chemical properties, 
physiological effects on life, and their applications (Volesky and Holan 1995). 
(i) toxic heavy metals, 
(ii) strategic metals, 
(iii) precious metals, and 
(iv) radionuclides 
Heavy metals usually form compounds that can be toxic, carcinogenic or mutagenic, even in 
very low concentrations (Manriquez et al., 1997). In polluted environments, the response of 
microbial communities to heavy metals depends on both concentrations and availability of 
metals, and biological factors such as the type of metal, and also on the nature of medium 
and microbe (Beining and Otte 1996; Hoostal et al., 2008). Furthermore, the frequency of 
appearance of resistant bacteria to specific heavy metals may be correlated with increasing 
loads of metals in the environment. As a result heavy metal resistant bacteria may be used as 
biological monitors or bio-indicators of environmental contamination (Ravina and Baath 
2001, Richards et al., 2001). Bio-indicators have been shown to be a sensitive and reliable 
tool in detecting the sub lethal toxicity of these polluting compounds (Trevors et al., 1985; 
Azmat et al., 2008), A combination of bioassays is increasingly recommended to gain an 
insight into potential dangers associated with the disposal of such toxic compounds into the 
environment (Blaise et al., 1985: Malik and Ahmad 1995; Ryan et al., 2005). It has become 
obvious that chromosomal and plasmid borne determinants responsible for heavy metal 
resistance can transfer freely within an ecological system such as soil (Rensing et al., 2001). 
For this reason, bacteria in environments contaminated with numerous heavy metals may 
evolve or acquire a number of heavy metal resistance determinants, resulting in multiple 
resistance (Ryan et al., 2005). 
Bacterial Resistance to Heavy Metals 
Heavy metals are often required by the cell in trace amounts for biochemical 
reactions, however, at higher concentrations, they can have toxic effects (Nies 1999; Kurmac 
2009). The cell may use low concentrations of some heavy metals (such as Fe^ "^ , Cu^ ,^ and 
Ni^ ^) in redox reactions, and others like Mg^ "^  or Zn^^ to stabilize electrostatic forces, and in 
enzymes and DNA binding proteins. Other heavy metal ions (such as Fe^^ Ni^^ and Co^^) 
form complex compounds such as iron-sulfur clusters that have diverse functions. Many 
heavy-metal ions are needed to counteract negatively charged cellular building blocks and 
metabolites (Le et al., 2009). 
Metal resistant microorganisms have been isolated from polluted environments and 
studies on the interactions between heavy metals and microorganisms have focused on 
bacterial transformation and conversion of metallic ions by reduction (Chang et al., 1993; 
Boukhalfa et al., 2007). Metal-resistant microorganisms may be useful as indicators of 
potential toxicity to other forms of life (Doelman et al., 1994) and are important in studies of 
mechanisms, determinants, and gene transfer of microbial metal-resistance (De Rore et al., 
1994; Jaysankar et al., 2008). Hg^ ,^ Pb^^ and Cd^^ are a serious concern because they are 
non-biodegradable, highly toxic, and are present in a variety of waste streams that 
contaminate the environment. These three metals are included in the U.S. Environmental 
Protection Agency's list of priority pollutants (Cameron 1992; Jaysankar et al., 2008). 
The known mechanisms of bacterial heavy metal resistance are (Silver 1992): 
i) Keeping the toxic ion out of the cell by altering a membrane transport system 
involved in initial cellular accumulation. 
ii) Intracellular or extracellular sequestration by specific mineral-ion binding 
components (analogous to the metallothioneins of eukaryotes and phytochelatins of 
plants, but generally at the level of cell wall in bacteria), 
iii) Highly specific cation or anion efflux systems encoded by resistance genes. This is 
the most commonly found mechanism of plasmid controlled bacterial metal ion 
resistance, 
iv) Detoxification of the toxic cation or anion by enzymatically converting it from a more 
toxic to a less toxic form. 
Bacterial Resistance to Cadmium 
Plasmid-encoded cadmium resistance is documented in many bacterial species 
including Alcaligenes eutrophus (Ji and Silver 1995; Nies and Silver 1995; Kunito et al., 
1996; Nies et al., 2006), Alcaligenes xylosoxidans (Robakis et al., 1985; Chovanova et al., 
2004), Lactococcus lactis (Chun-Qiang et al., 1997), Staphylococcus aureus (Diels et al., 
1995; Chun-Qiang et al., 1997; Crupper et al., 1999) and Staphylococcus lugdunensis (Diels 
et al., 1995). In the Gram-positive bacteria, the plasmid-encoded cadmium efflux system, 
called the CadA resistance system, utilizes the CadA protein, which is a P-type ATPase (Tsai 
and Linet 1993; Pemiina et ah, 2006). However, cadmium resistance in Gram-negative 
organisms is dependent on a multi-protein chemiosmotic antiport system (Silver 1996; Hu 
and Zhao 2006). 
The most widely studied organism showing cadmium resistance is the Gram-negative 
soil bacterium Ralstonia eutropha (formerly called Alcaligenes eutrophus) strain CHS4. This 
strain contains two large plasmids and utilizes the typical chemiosmotic cation/proton 
antiport system (Nies 1992). The nucleotide sequence, which encodes the proteins involved 
in this cadmium resistance system, is present in the czc operon, which confers resistance to 
three heavy metals: cobalt, zinc, and cadmium (Diels et al., 1995; Ji and Silver 1995; Nies 
and Silver 1995; Kunito et al, 1996; Silver 1996; Silver and Phung 1996; Cornelia et al, 
2004; Nies et al., 2006). The czc operon has been cloned and sequenced (Kunito et al., 1996) 
and is composed of three structural genes {czcA, czcB, and czcC), as well as two regulatory 
genes {czcD and czcR) (Nies and Silver 1995). The three structural genes catalyze the 
transport activity, while the two regulatory genes control induction of the efflux system in the 
presence of the appropriate ions (Nies 1992; Nies and Silver 1995; Belzer et al., 2007). Once 
this operon is induced, toxic intracellular levels of ions are reduced within a period of 1-24 
hours, and growth resumes (Nies 1992). 
Several similar models of the structural protein complex for other metals in Ralslonia 
eulropha have been proposed. The variations among these models are little, and mainly 
concern whether or not the protein complex acts as a dimer, or simply as a single unit. The 
dimer model is illustrated in Figure 1 (Silver 1996). It is accepted that czcA is the basic 
plasma ("'inner'") membrane transport protein, czcC is the cell-wall ("outer") membrane 
protein, and czcB is a "membrane fusion protein" that spans both membranes (Silver and 
Phung 1996). 
The basic mechanism proposed involves active transport by first binding the metal 
ions to specific sites on the membrane fusion protein czcB, and then transporting the metal 
ion out of the cell by czcA, the main pump protein (Nies 1992). The czcC protein functions 
to alter the metal specificity to allow for transport of either zinc, or all three cations. 
Cadmium (as well as cobalt, nickel, and zinc) all enter the cell through the magnesium 
transport system. Zinc, a common component of many DNA and RNA polymerases as well 
as some gene regulatory proteins (Nies 1992), is pumped out slowly at low intracellular 
concentrations and quickly at higher concentrations (Nies and Silver 1995). Cobalt, an 
essential component of vitamin B12, does not induce the czc operon very efficiently, and is 
therefore pumped out at a very low affinity (Nies and Silver 1995). 
The resistance efflux system is common for all three ions that are transported out of 
the cell. However, there are differences that allow the mechanismi to be specific for 
exportation of the particular ion in excess, to prevent a deficiency of those ions necessary to 
the cell such as zinc and cobalt (Nies 1992; Nies and Silver 1995). 
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Figure 1: Proposed Model of czc Efflux System. This model was first suggested by Ludo 
Diels (Diels et al, 1995) and adapted by Silver (1996). 
If czcB gene is deleted and only czcA is present, zinc efflux does not occur, and therefore the 
organism is no longer resistant to this metal. It is postulated, that czcB functions to provide 
specificity for zinc efflux. Mutation of czcA eliminated the resistance to all three ions 
(Choudhury and Srivastava 2001; Nies et al, 1989), however there was a small amount of 
cobalt efflux reported. Therefore, czcA is proposed to function as the actual efflux-
transportation protein. However, czcA's specificity for exportation of these ions is apparenfly 
regulated by the presence of the other two structural proteins (Nies and Silver 1995). The 
regulatory proteins czcD and czcR funcfion together in a two-component system to prevent 
cell starvation of essential nutrients, such as cobalt and zinc, yet allow sufficient efflux 
activity to prevent the accumulation of toxic levels of any of the three metal ions. The czcD 
protein may act as an activator of czc transcription (Nies 1992). The czcD protein is not 
essential for the activation of the czc operon by czcR. However, the czcR protein is essential 
for complete resistance to all three ions. 
Antibiotic resistance 
Antibiotics are probably the most successful family of drugs so far developed for 
improving human health. Besides this fundamental application, antibiotics (antimicrobials at 
large) have also been used for preventing and treating animals and plants infections as well 
as for promoting growth in animal farming (McManus et al, 2002; Smith et al., 2002; Singer 
et al., 2003; Cabello 2006). All these applications make antibiotics to be released in large 
am.ounts in natural ecosystems. Little is known on the overall effects of antibiotics on the 
population dynamics of the microbiosphere (Sarmah et al., 2006). However, the effect of 
antibiotics used for treating infections or for farming purposes in the selection of antibiotic-
resistant microorganisms, which can impact human health has been studied in more detail 
(Witte 1998; Ferber 2003; Singer et al, 2003; Martinez 2009). 
Understanding heavy metal resistance in natural ecosystems may help as well to 
understand antibiotic resistance in the environment. The elements involved in the resistance 
to heavy metals are encoded on the chromosomes of bacteria like Ralstonia metallidurans 
(Mergeay et al., 2003), which are well adapted for surviving in naturally heavy metals-rich 
habitats (e.g. volcanic soils). However, strong selective pressure due to anthropogenic 
pollution has made that these chromosomally encoded determinants are now present in gene-
transfer units, so that they can efficiently spread among bacterial populations (Silver and 
Phung 1996; 2005; Nies 2003). Similarly, antibiotic resistance genes that were naturally 
present in the chromosomes of environmental bacteria (D'Acosta et ah, 2006; Wright 2007; 
Fajardo et al., 2008) are now present in plasmids that can be transferred to humian pathogens. 
The strong increase of antibiotic concentrations in natural ecosystems as the 
consequence of human activities (human therapy, farming) shifts the original functions of 
antimicrobials and resistance elements to the weapon/shield roles they play in hospitals or 
farms (Martinez 2008). These changes might influence, not just the selection for antibiotic-
resistant microorganisms, but also the structure of the natural microbial populations and may 
alter the physiology of microorganisms as well. Besides selecting for antibiotic-resistant 
mutants and favouring the acquisition of antibiotic resistance determinants by mobile genetic 
elements that can spread among the environmental microbiota, antibiotic pollution can enrich 
the population of intrinsically resistant microorganisms, and reduce the population of 
susceptible microbiota (Halling-Sorensen et al, 1998; Hirsch et al., 1999). 
Antibiotics at much higher concentrations than usually found in natural ecosystems 
can be found in water (e.g. sewage waters) and soils (e.g. soils treated with manure and farm 
soils). However, these high concentrations are usually concentrated to areas of human 
activity, v/hereas pristine environments usually have low concentrations of antibiotics. Risk 
assessments might thus take into consideration mainly those areas with high antibiotic load 
and containing human-associated microorganisms (Baquero et al., 2008) for analyzing the 
effect of antibiotic pollution on natural ecosystems. 
Pollution by antibiotics 
Antibiotic utilization for clinical or farming purposes selects resistant microorganisms 
(Teuber 2001; Livermore 2005). It is thus predictable that residues from hospitals or farms 
will contain both types of pollutants: antibiotics and resistance genes. Nevertheless, the fate 
of both types of pollutants is likely different. Several antibiotics are natural compounds that 
have been in contact with environmental microbiota for millions of years and are thus 
biodegradable, and even serve as a food resource for several microorganisms (Dantas et al., 
2008). Synthetic antibiotics (e.g. quinolones) can be more refractory to biodegradation. 
However, they are still degraded at different rates in natural environments. Recent work has 
shown that the binding of quinolones to soil and sediments delays their biodegradation. 
Nevertheless, wastewater treatment of quinolones-polluted waters efficiently removes these 
antibiotics by processes that include not just biodegradation, but also photodegradation 
(Sukul and Spiteller 2007). Consistent with these results, it has been shown that most 
antibiotics are usually below detectable limj'ts in ground water sam.ples, although they are 
more stable upon adsorption to sediments (Halling-Sorensen et al., 1998; Hirsch et al., 1999). 
For this reason, sediment samples from antibiotic-polluted environments have higher 
antibiotic concentrations than water samples from the same site (Kim and Carlson 2007). 
The fact that antibiotics are degraded in natural ecosystems does not mean that they 
are not relevant pollutants. Some ecosystems suffer a constant release of antibiotics (e.g. 
hospital effluents, farms residues), so that they are constantly polluted irrespectively of 
antibiotic degradation. As stated by Lindberg and coworkers ecotoxicity tests are usually 
performed using very high concentrations of antibiotics for short periods of time, whereas in 
these types of environments, the organisms are continuously exposed to antibiotics at sub-
therapeutic levels (Lindberg et al., 2007). Since sub-inhibitory concentrations of antibiotics 
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trigger specific transcriptional responses in bacteria (Tsui el al., 2004; Davies 2006; Davies 
e( al, 2006; Linares et al., 2006; Yim et al., 2007; Fajardo and Martinez 2008), the presence 
of antibiotics will necessarily modify the metabolic activity of the microbiota present in these 
polluted environments. 
Most antibiotics used for preventing or treating infections in humans or animals as 
well as for promoting faster growth of livestock are only partially metabolized and are then 
discharged along the excreta, either to sewage treatment plants or straightforward in waters 
or soils (Dolliver and Gupta 2008). Besides, antimicrobial compounds used in intensive fish 
farming are added directly to the water rendering high local concentrations both in water and 
in adjoining sediments (Cabello 2006). As stated by the World Health Organization, the 
amount of antimicrobials used in animals is not known precisely because national statistics 
on the amount and pattern of use of antimicrobials exist in only a few countries (WHO 
2002). This is an important drawback to evaluate the impact of antibiotic utilization in 
veterinary on the selection of resistance and the release of antibiotics in the environment. 
Overall, the World Health Organization estimates that about half of the total amount of 
produced antibiotics is used in food animals (WHO 2002). 
However, taking into consideration that 25-75% of the antibiotics administered to 
feedlot animals are excreted unaltered in faeces, it is clear that the antimicrobial use in 
livestock is an important source of antibiotics release into the environment (Dolliver and 
Gupta 2008). Although some effects of antibiotics on plant's growth have been reported 
(Jjemba 2002), the main im.pact of these pollutants will be on the environmental microbiota. 
This impact has different levels and consequences. First, utilization of antibiotics can select 
for antibiotic-resistant bacteria within the treated host. In the case of antibiotics used for 
farming purposes, selection of resistance can be important for both the treatment of animal 
infections and for human health. Several evidences support an association between the use of 
antimicrobial agents in food animals and antimicrobial resistance among bacteria isolated 
from humans (Angulo et al., 2004). 
Antibiotic resistance genes in bacteria 
Pollution by antibiotic resistance genes can increase the chances of human pathogens 
for acquiring resistance. The release of residues containing human microbiota into 
environments containing bacteria enriched in resistance elements increases the possibility of 
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acquiring no\-el resistance determinants by human-linked bacteria. For this reason, it has 
been proposed that the release of residues from hospitals that contain human commensal and 
infective bacteria (resistant and susceptible) as well as antibiotics, should be reduced to a 
minimum to avoid interchange of genetic material (even in wastewater treatment plants, 
Pauwels and Verstraete 2006). As stated by Baquero et al. (2008) the contact of human 
microbiota with other types of microbiota in different ecosystems (from soil sediments of 
ground water to anim.a! m.icrobiota) will increase the possibility of genetic variation and the 
possible emergence of novel mechanisms of resistance that are re-introduced in the human 
environment (Baquero et al., 2008). 
Apart from chemical pollution caused by antibiotics themselves, the use of antibiotics 
may also accelerate the development of antibiotic resistance genes (ARGs) and bacteria, 
which shade health risks to humans and animals (Kemper 2008). These bacteria might be 
transmitted from environment to human via direct or indirect contact (Iversen et al., 2004; 
Kim et al, 2005; Rodriguez et al, 2006). 
Application of antibiotics in human, veterinary medicine, and agriculture for nearly 
60 years has exerted a major impact on bacterial communities, resulting in various 
resistances to the antibiotics, which is genetically controlled by ARGs. The environmental 
ARGs are mainly created by the following mechanisms: (1) target bypass {dfrAl, A5, A7, 
A12, AI5, A17, and 18; sull, II, III, and A), inaccessibility of the antibiotics to their target 
enzyme by mutational changes or loss on the encoding enzyme gene (Huovinen et al, 1995; 
Happi et al, 2005); (2) efflux pum.ps {cmlAl and A5;flQR; otrB; tetA, A{A\), B, C, D, E, G, 
H, J, Y, Z, 33 and 39), reduction of intracellular concentrations of antibiotics by structural 
alteration of cellular membrane (Kumar and Schweizer 2005); (3) antibiotic inactivation 
(aacCl, C2, C3, and C4; aadAl, A2, A5, A13, and B; ampC; aphAl, D and (3")-Ic; blaoxA-i, 
blaoxA-2, blaoxA-io, blaoxA-30, and blapsE-i', mphA; nptU; satl and 2; strA and B), direct 
deactivation of antibiotic molecule (Wright 2005); or (4) target modification (ermA, B, C, E, 
F, T, V, and X; mecA; penA; otrA; tetB(P), M, O, Q, S, T, and W; vanA and B), modification 
of the action sites of antibiotics (Lambert 2005). It is noteworthy that the resistance of certain 
antibiotic may be associated with different ARGs based on more than one mechanism. 
Tetracycline-resistant bacteria were found to emerge in the environments with the 
introduction of tetracycline (Dancer et al, 1997). There have been at least 38 different 
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tetracycline resistance (let) genes and three oxytetracycline resistance (otr) genes 
characterized to date (Roberts 2005; Thompson et al., 2007). Tliese genes include 23 genes, 
which code for efflux proteins (efflux pump mechanism), 11 genes for ribosomal protection 
proteins (target modification mechanism), and three genes for an inactivating enzyme and 
one gene with unknown resistance mechanism (Levy et al., 1999; Roberts 2005). Among 
them, more than 22 tet or otr genes have been found in bacterial isolates from water 
environments. Most environmental tet genes code for transport proteins, whicli pump Ihe 
antibiotics out of the bacterial cell and keep the intercellular concentrations low to make 
ribosomes function normally (Roberts 2002). The efflux genes of tetA, B, C, D, and E 
frequently appeared in various environmental compartments including activated sludge of 
sewage treatment plants (STPs) (Guillaume et al., 2000), fish farming ponds (Schmidt et al., 
2001; Dang et al., 2007), surface water (Poppe et al., 2006), and swine lagoon (Macauley et 
al., 2007). 
Several erm genes have been detected in Enterococcus spp. isolated from poultry 
raising wastewaters (Hayes et al., 2005) and environmental DNA extracted from livestock 
manures (Chen et al., 2007). Six classes of erm genes {A, B, C, F, T, and X) have been 
detected and quantified in the samples from animal production, lagoons, and a biofilter 
system treating hog house effluents (Chen et al., 2007). Among the macrolide resistance 
determinants, ermB is considered as the most prevalent gene in environmental 
microorganisms, especially in the strains of Enterococcus (Hayes et al., 2005) and 
Streptococcus spp. (Jensen et al., 2002). 
P-Lactams are the most widely used antibiotics, and resistance to these antibiotics is a 
severe threat because they have low toxicity and are used to treat a broad range of infections 
(Livermore 1996). The mechanisms of p-lactam resistance include inaccessibility of the 
antibiotics to their target enzymes, modifications of target enzymes, and/or direct 
deactivation of the antibiotics by P-lactamases (Walsh 2000; Li et al., 2007). In Gram-
negative bacteria, the primary resistance mechanism is enzymatic inactivation through the 
cleavage of the P-lactam ring by P-lactamases. More than 400 different P-lactamases encoded 
by hundreds of ARGs (bla) have been identified, and the enzymes are divided into four 
molecular classes, A-D, mediating resistances to a broad range of P-lactams including 
penicillins and cephalosporins (Li et al, 2007). 
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A \-ariety of hla genes have been identified in bacteria derived from fecal slurry and 
lagoon water of dairy farms (Srinivasan et al.. 2005), water or sediments of aquaculture areas 
(Dalsgaard et ai, 2000; Jacobs and Chenia 2007), STPs fSzczepanowski et al. 2004; 
Volkmann et ai, 2004; Antunes et al., 2006; Taviani et al., 2008), and surface water 
(Schwartz et al., 2003; Poppe et al., 2006). The environmental compartments may further 
serve as reservoirs for (3-lactam resistance genes. The bla genes are often detected in animal-
derived environjnental pathogens including AerGmGna.s (Tennstedl ei al., 2005; Jacobs and 
Chenia 2007), Enierobacier (Volkmann et al, 2004), Salmonella (Antunes et al., 2006; 
Moura et al, 2007), Staphylococcus (Schwartz et al, 2003; Volkmaim et al., 2004), and 
Vibrio spp. (Dalsgaard et al., 2000; Taviani et al., 2008). ampC gene encoding P-lactamases 
has been detected in microbial isolates from wastewater, surface water, and even from 
drinking water biofilms (Schwartz et al., 2003). mecA gene encoding methicillin resistance in 
staphylococci was observed to be prevalent in hospital wastewater biofilms (Schwartz et al., 
2003). 
Biosorption of heavy metals 
The increase of industrial activities has intensified environmental pollution problems 
and the deterioration of several ecosystems with the accumulation of many pollutants, such 
as toxic metals. Heavy metal pollution usually derives from electroplating, plastics 
manufacturing, fertilizers, pigments, mining and metallurgical processes. Growing attention 
is being given to health hazards presented by the existence of heavy metals in the 
environment; their accumulation in living tissues throughout the food chain poses a serious 
health problem. The imposition of stricter regulations increases the demand for innovate 
treatment technologies to remove metals from wastewaters and to attain today's toxicity-
driven concentration limits (Zouboulis et al., 2004). 
Conventional physico-chemical methods such as electrochemical treatment, ion 
exchange, precipitation, reverse osmosis, evaporation, and sorption (Kadirvelu et al., 2001; 
2002) for heavy metal removal from waste streams are not cost effective and hence 
biological approach has been considered as an alternative remediation for heavy metal 
contamination. Recently microbial systems like fungi, bacteria and algae have been 
successfully used as adsorbing agents for removal of heavy metals (ferres et al. 1998; Pena-
Castro et al, 2004; Munoz et al, 2006; Munoz and Guieysse 2006; Kang et al, 2007). 
Microbial populations in metal polluted environments adapt to toxic concentrations of heavy-
metals and become metal resistant (Prasenjit and Suniathi 2005). The processes by which the 
microorganisms interact with the toxic metals enabling their removal/and recovery are 
biosorption, bioaccumulation and enzymatic reduction. Microbial heavy metal accumulation 
often comprises of two phases (Gadd 1990). An initial rapid phase involving physical 
adsorption or ion exchange at cell surface and by a subsequent slower phase involving active 
merabolism.-dependent transport of metal into bacteria! cells (Gadd 1990). 
Of the differeni biological methods, bioaccumuiation and biosorption have been 
demonstrated to possess good potential to replace conventional methods for the removal of 
dyes/metals (Volesky and Holan 1995; Malik 2004). Biosorption can be defined as the 
passive uptake of toxicants by dead/inactive biological materials or by materials derived from 
biological sources. Biosorption is due to a number of metabolism-independent processes that 
essentially take place in the cell wall, where the mechanisms responsible for the pollutant 
uptake will differ according to the biomass type. 
Biosorbents 
Biosorbents for the removal of metals mainly come under the following categories: 
bacteria, fungi, algae, industrial wastes, agricultural wastes and other polysaccharide 
materials. In general, all types of biomaterials have shown good biosorption capacities 
towards all types of metal ions. Since microorganisms are used widely in different 
food/pharmaceutical industries, they are generated as waste, which can be attained free or at 
low cost from these industries. The strong biosorbent behavior of certain types of mJcrobia! 
biomass toward metallic ions is a function of the chemical make up of microbial cells 
(Volesky and Holan 1995). According to Beveridge (1989), bacteria make excellent 
biosorbents because of their high surface-to-volume ratios and a high content of potentially 
active chemosorption sites such as on teichoic acid in their cell walls. Churchill et al. (1995) 
used two Gram-negative bacteria Escherichia coli K-12 and Pseudomonas aeruginosa and a 
Gram-positive strain Micrococcus luteus to demonstrate biosorption of Cu^ ,^ Cr^ ,^ Co^^ and 
Ni ^. Their sorption binding constants suggested that E. coli cells were the most efficient at 
binding copper, chromium and nickel and M. luteus sorbed cobalt most efficiently. 
The most relevant work on true bacterial biosorption has been done by the Brierley 
(1990a, b, c) who took the metal biosorption concept all the way to the commercial stage 
(Brierley et a/., 1986; Vieira and Volesky 2000). Fein et al. (1997) used Bacillus subtilis to 
examine further the bacterium interaction with Cd, Cu, Pb iind Al. Their results quantified 
not only the deprotonation constants for the important organic functional groups on the 
bacterial cell wall, but also the stability constants for adsorption of environmentally 
important metal species onto the individual sites. Bacterial cell walls are negatively charged 
under acidic pH conditions and the cell wall chemical groups display a high affinity for metal 
ions in solution (Collins and Stotzky 1992; Merr^^'- "' - ' ^^n .^^ . 
rrlechanisiii of bacterial biosorption 
The cell wall composition is one of the most important factors in the analysis and 
differentiation of bacterial species. Gram-positive bacteria are comprised of a thick 
peptidoglycan layer (Beveridge 1981; Dijkstra and Keck 1996) connected by amino acid 
bridges. Imbedded in the Gram-positive cell wall are polyalcohols, known as teichoic acids, 
some of which are lipid-linked to form lipoteichoic acids. The cross-linked peptidoglycan 
molecules form a network, which covers the cell like a grid. Teichoic acids give the Gram-
positive cell wall an overall negative charge, due to the presence of phosphodiester bonds 
between the teichoic acid monomers (Sonnenfeld et al., 1985). In general, 90% of the Gram-
positive cell wall is comprised of peptidoglycan. 
On the contrary, the cell wall of Gram-negative bacteria is much thinner, and 
composed of only 10-20% peptidoglycan (Kolenbrander and Ensign 1968; Beveridge 1999). 
In addition, the cell wall contains an additional outer membrane composed of phospholipids 
and lipopolysaccharides (Sheu and Freese 1973). The highly charged nature of 
lipopolysaccharides confers an overall negative charge on the Gram-negative cell wall. 
Sherbert (1978) showed that the anionic functional groups present in the peptidoglycan, 
teichoic acids and teichuronic acids of Gram-positive bacteria, and the peptidoglycan, 
phospholipids, and lipopolysaccharides of Gram-negative bacteria are the components 
primarily responsible for the anionic character and metal-binding capability of the cell wall. 
The bacterial cell wall is the first component that comes into contact with metal ions, 
where the solutes can be deposited on the surface or within the cell wall structure (Beveridge 
and Murray 1976; Doyle et al., 1980; Vijayaraghavan and Yun 2008). Since the mode of 
solute uptake by dead/inactive cells is extracellular, the chemical fimctional groups of the cell 
wall play vital roles in biosorption. Due to the nature of the cellular components, several 
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functional groups are present on the bacterial cell wall, including carboxyl, phosphonate, 
amine and hydroxy! groups (Doyle et a/., 1980; van der Wal et al, 1997). As they are 
negatively charged and abundantly available, carboxyl groups actively participate in the 
binding of metal cations. Golab and Breitenbach (1995) indicated that the carboxyl groups of 
the cell wall peptidoglycan of Streplomyces pilosus were responsible for the binding of 
copper. Also, amino groups are very effective at removing metal ions, as they not only 
chelate cationic m.etal ions, but also adsorb anionic metal species via electrostatic interaction 
or hydrogen bonding. Kang et al. (2007) observed that amino groups protonated at pH 3 and 
attracted negatively charged chromate ions via electrostatic interaction. Vijayaraghavan and 
Yun (2007) confirmed that the amino groups of C. ghitamicum were responsible for the 
binding of reactive dye anions via electrostatic attraction. In general, increasing the pH 
increases the overall negative charge on the surface,of cells until all the relevant functional 
groups are deprotonated, which favors the electrochemical attraction and adsorption of 
cations. Anions would be expected to interact more strongly with cells with increasing 
concentration of positive charges, due to the protonation of functional groups at lower pH 
values. 
Modeling the biosorption equilibrium 
After establishing the general phenomena and trends in biosorption, the next step 
before applying it on an industrial scale is to develop mathematical models that describe the 
process quantitatively and aid in optimizing its operating conditions. Even for bench scale 
experiments, mathematical modeling can assist in reducing the number of experiments to be 
performed: the initial conditions of the experiment can be chosen more judiciously if one 
knows what outcome may be expected. Instead of systematically trying all possible 
variations of all parameters, one can limit the experiments to a number of spot-checks under 
relevant conditions in order to verify the validity of the model. Modeling is important for 
applications on an industrial scale since any trials at this level are rather expensive. Modeling 
can aid the reactor design and help discover bottlenecks and optimize the operating 
conditions. 
The quality of a biosorbent is judged by how much sorbate it can attract and retain in 
an immobilized form. The solute uptake by a biosorbent can be calculated from the 
differences between the initial quantities of solute added to that contained in the supernatant, 
which is achieved using the following equation; 
Q = (VoCo-VtCf)/M 
where Q is the solute uptake (mg/g); Co and Cf the initial and equilibrium solute 
concentrations in solution (mg/1), respectively; VQ and Vf the initial and final solution 
volumes (1), respectively; and M the mass of biosorbent (g). The sorption uptake can be 
expressed in diiferent units depending on the purpose of the exercise; for example, 
milligrams of solute sorbed per gram of the (dry) biosorbent material (the basis for 
engineering process-mass balance calculations), or mmol/g (when the stoichiometry and/or 
mechanism are to be considered). 
A biosorption isotherm, the plot of uptake (Q) versus the equilibrium solute 
concentration in the solution (Cf), is often used to evaluate the sorption performance. 
Isotherm curves can be evaluated by varying the initial solute concentrations, while fixing the 
environmental parameters, such as pH, temperature and ionic strength. In general, the uptake 
increases with increase in concentration, and will reach saturation at higher concentrations. In 
most biosorption studies, pH seems to be an important parameter for the evaluation of an 
isotherm. In the literature pertaining to biosorption, isotherms have been reported on the 
basis of the initial (Aksu et al., 2002; Fu and Viraraghavan 2002), final (Reddad et al., 2002) 
or controlled (Davis et al., 2000; Esposito et al, 2001) pH conditions (Basunia and Abe 
2005; Parvathi et al., 2007). This is because; during biosorption, the pH of the reaction 
mixture tends to change due to the chem.ical interaction between the biom.ass and sorbent. 
The chemical constituents of a biosorbent and the nature of the biosorption mechanism seem 
to be mainly responsible for any pH change. For instance, a protonated bacterial biomass 
releases H* ions during the biosorption of metals/dyes, which in turn decreases the solution 
pH. These changes in pH are rapid during the initial period, as most of the reaction tends to 
occur during the initial stage, followed by slow attainment of equilibrium. Several reports 
have stressed that the pH should be controlled over the entire contact period until equilibrium 
is reached (Kratochvil and Volesky 1998; Vieira and Volesky 2000). However, this is a fairly 
complex task, which necessitates sophisticated instrumentation. Also, the addition of 
chemical agents to maintain the pH at the optimum level should be incorporated when 
calculating a specific uptake. Biosorption has also been reported on the basis of the final pH, 
with the claim that final equilibrium pH determines the performance of a sorption system. 
Since batch experiments are designed to evaluate the fundamental information regarding a 
biosorbent, cases where the pH is controlled will give a real picture of the potential of a 
biosorbent and usage in chemical equilibrium modeling. 
Empirical modeling 
Empirical models are simple mathematical relationships, characterized by a limited 
number of adjustable param.eters, which give a good description of the experimental behavior 
over a large range of operating conditions (Esposito et at., 2002). Some frequently employed 
and well-established empirical models involve two, three or even four parameters to model 
the isotherm data (Vijayaraghavan et al, 2006). Although these conventional empirical 
models do not reflect the mechanisms of sorbate uptake, they are capable of reflecting the 
experimental curves (fCratochvil and Volesky 1998). Also, in most cases, the assumptions 
from which these models were derived are not valid for biosorption. Despite this, 
conventional adsorption isotherm models are used with a high rate of success for replicating 
biosorption isotherm curves. Within the literature, the Langmuir (Langmuir 1918) and 
Freundlich (Freundlich 1907) models (two-parameter models) have been used to describe 
biosorption isotherm. The models are simple, well established and have physical meaning 
and are easily interpretable, which are some of the important reasons for their frequent and 
extensive use. 
The Langmuir model can be represented as: 
U-mnv Ul Lf 
^ 1 + b,Cf 
This classical model incorporates two easily interpretable constants: Qmax, Vvhich corresponds 
to the maximum achievable uptake by a system; and hi, which is related to the affinity 
between the sorbate and sorbent. The Langmuir constant "Qmax" is often used to compare the 
performance of biosorbents; while the other constant "bL" characterizes the initial slope of 
the isotherm. Thus, for a good biosorbent, a high Qmax and a steep initial isotherm slope 
(i.e., high bL) are generally desirable (Kratochvil and Volesky 1998). 
The Freundlich isotherm can be represented as: 
Q = KFCf''"'^  
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The Freundlich isotherm was originally empirical in nature, but was later interpreted as the 
sorption to heterogeneous surfaces or surfaces supporting sites with various affinities. It is 
assumed that the stronger binding sites are initially occupied, with the binding strength 
decreasing with increasing degree of site occupation. Ct is the equilibrium solute 
concentrations in solution. It also incorporates two constants: KF, which corresponds to the 
binding capacity; and np, which characterizes the affinity between the sorbent and sorbate. 
GenotoKJcitv of wastewater 
The demand for a clean and safe supply of water for dnnkuig, agriculture and 
recreation has rapidly increased over the last few decades. Receiving waters, such as lakes, 
rivers and marine coastal areas are the receptacles for huge amounts of wastes derived 
directly from industry, agriculture and urban settlements or indirectly from the atmospheric 
deposition of air-borne emissions. Present amongst these waters are a complex environmental 
mixture of well-known toxicants along with an increasing number of emerging contaminants, 
which pose a threat to both aquatic ecosystems and the health and welfare of human 
populations (Pollack et ai, 2003). It is known that a number of chemicals present are highly 
persistent and have mutagenic and/or clastogenic properties (Waters et al., 1991; 1999). 
Pollution of environmental waters is a serious and growing problem all over the 
world. Although there is legislation dealing with this problem in various countries, water 
pollution from toxic chemicals still occurs. Aquatic organisms, such as fishes and moUusks, 
accumulate pollutants directly from contaminated water and indirectly through the ingestion 
of contaminated organisms. Genotoxic pollutants contaminate not only aquatic organisms but 
also the whole ecosystem and in the end, humans through contamination of our food 
(Claxton et al., 1998; White and Rasmussen 1998; Avishai et ai, 2002; Rajaguru et ai, 
2002; Vigano et al., 2002; Ohe et al., 2003; Mouchet et ai, 2006). 
Houk (1992) and Stahl (1991) have demonstrated that genotoxic substances can enter 
surface waters from a wide range of industrial and municipal sources. Houk (1992) cites the 
noteworthy genotoxic potency activity per unit volume of wastewaters from organic 
chemical manufacturing facilities, pulp and paper facilities, metal refining and foundry 
operations, and petroleum refining facilities. White et al. (1996) investigated organic extracts 
of wastewaters from 42 industrial facilities, and found that industries belonging to these 
industrial categories frequently release highly genotoxic wastewaters. White et al. (1996) and 
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Houk (1992) noted that the highest genotoxic potency values correspond to wastewaters from 
facilities that produce industrial organic chemicals. They also noted that although organic 
extracts of municipal wastewaters are genotoxic, their potency is several fold below those of 
many industrial wastewaters. 
Although there is a large number of genoloxicity assays, only a relatively small 
number have been used to any reasonable extent for the evaluation of complex mixtures. For 
example, in a review of published studies on the genotoxicity of industrial effluents, Houk 
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the relative mutagenic potency of the effluents when evaluated in the Salmonella 
mutagenicity assay. Nearly 60% of the studies used the Salmonella assay, 22% used other 
gene mutation assays, 10%) used cliromosomal assays, and 7%) used DNA damage assays; 
2.5%) were in vivo animal assays. The reason for the high use of the Salmonella assay and 
limited use of other assays is likely due to the ease and cost-effectiveness of the Salmonella 
assay relative to other assays. In addition, the Salmonella assay has been used more than any 
other for evaluating complex mixtures (Houk et ai, 1991; Claxton et ai, 1998; Cizmas ei al., 
2004). The coupling of this assay with chemical analyses i.e., bioassay-directed chemical 
fractionation enhanced the utility of this bioassay and permitted the isolation and 
identification of defined chemical fractions that contain genotoxic activity. These defined 
fractions can then be subjected to further analyses in an effort to characterize the precise 
chemical composition. 
McGeorge et al. (1985) used the Salmonella assay to evaluate 33 effluents at 27 
industrial sites including petroleum refineries, organic compound industries, resin 
manufacturers, and dye manufacturers. They identified several industries such as dye 
manufacturers and organic manufacturers that emit genotoxic effluents. In a similar study. 
White et al. (1996) used the SOS Chromotest to assess the genotoxicity of 42 effluents from 
a wide range of industrial facilities. They also found that organic chemical manufacturers 
released mutagenic effluents, as well as metal refining operations, petroleum refineries, and 
pulp and paper mills. Using mutagenic potency values, Houk (1992) categorized the effluents 
from low to high genotoxicity. The range of mutagenic response occurred over 10 orders of 
magnitude. Typically, the untreated effluents from similar industrial processes produced 
effluents of similar genotoxic potency within an order of magnitude. For example, 10 studies 
of pulp and paper mills found that the genotoxic potencies of the effluents were within one 
order of magnitude of each other. In some cases, the mutagenic activity from a single 
industry could be attributed to specific classes of chemicals. When considering all types of 
industrial effluents, the mutagenic potencies in Salmonella ranged from less than 10" to lO'^ 
revertants per liter of effluent. Low values in the 10^  revertants per liter range likely 
constitute little mutagenic hazard. Conversely, values in the lO'^ revertants per liter range 
may constitute an extreme mutagenic hazard. The highest values were found for effluents 
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Fernandez et al. (1992) found multiple classes of anthropogenic compounds in 
sediments along the coast of Spain, including halogenated organics, PAHs and sulfur 
heterocycles, oxygenated organics, nitroarenes, and other nitrogen-containing compounds. 
The authors surmised that the sources of these genotoxicants were pesticides, fossil fuels, 
combustion photo-oxidation products, vehicle emissions, and industrial intermediates. 
Vargas et al. (1995) examined the influence of a petrochemical industrial complex upon the 
Cai River Brazil and found that non-mutagenic upstream water became mutagenic as it 
flowed past the complex; however, the precise source of the genotoxicants was not 
identifiable. Several studies indicated that anthropogenic, genotoxic compounds exist within 
the environment and can be associated with specific industries. Assessment of effects in 
organisms residing in such contaminated areas can also assist in confirming whether a 
genotoxic hazard exists (Myers et al, 1994; Zhou et al., 2008). 
A number of analytical methods have been extensively used to identify organic 
contamination in environmental mixtures (Pessala et al., 2004; Gana et al., 2008; Liu et al., 
2009). Mutagenicity/genotoxicity test of surface waters or industrial effluents using a variety 
of bioassays demonstrates that these mixtures contain many unidentified and unregulated 
toxicants that may pose risks and carcinogenicity of unknown magnitude (Lopez and 
Moretton 1997; Magliola et al, 1997; Magdaleno et al, 2001; Ohe et al, 2004; Gana et al, 
2008; Richardson 2009). These contamination sources are partially treated or untreated 
discharges from chemical industries. 
Mutagenic/genotoxic compounds, including carcinogens, whether known or 
unknown, become the components of complex environmental mixtures that can have adverse 
health effects on humans and indigenous biota (Dearfield 2002; Wu 2005). We know quite a 
lol about identified contaminants, and it is relatively easy to study the sources and fate of 
those contaminants that have been identified as priorities for concern and control. Post-
emission fate and behavior of poiycyclic aromatic hydrocarbons (PAHs) in complex mixtures 
including surface waters have widely been investigated throughout the world, because PAHs 
are identified contaminants and it is relatively easy to study the sources and fate (White 
2002; Lundstedt et ai, 2007). However, few studies have focused on the identification of 
novel putative mutagens and the quantification of their response concentrations. 
Although mutagenic potency can be detected m non-concentrated samples of surface 
waters in many cases (Filipic 1995; Vargas et ai, 1995; Filipic and Toman 1996; 
Reifferscheid and Grummt 2000; Magdaleno et al, 2001; Umbuzeiro et ai, 2001; Vargas et 
al., 2001; Dizer et ai, 2002; Czyz et al., 2002; 2003), each contaminant is usually present at 
such low levels that it is difficult to detect, and therefore some sort of 
extraction/concentration method is required for reliable mutagencity/genotoxicity assessment 
of surface water samples. Concentration/extraction methods include liquid-liquid extraction, 
solid phase extraction and other types of column chromatography, as well as the blue 
rayon/cotton hanging method (Hayatsu et al., 1983; Hewitt and Marvin 2005). 
Adsorption on Amberlite XAD resins is the most commonly applied method for 
concentrating organic substances from different kinds of surface waters. XAD resin can 
generally adsorb a broad class of mutagenic compounds, including poiycyclic aromatic 
hydrocarbons, arylamines, nitro-compounds, quinolines, anthraquinones, etc. Adsorption, 
followed by elution with organic solvents, is efficient at extracting all the polar and nonpolar 
toxic chemicals and mutagens/genotoxins (Junk et al., 1974; Marvin and Hewitt 2007). 
Using the XAD resin column method, many positive results were observed when those 
extracts were tested in bacterial mutagenicity assays (Paola et al., 1993; Hendriks et al., 
1994; Helma et al., 1996; Rehana et al., 1996; Reifferscheid and Grummt 2000; Kataoka et 
ai, 2000; Magdaleno et ai, 2001; Umbuzeiro et al., 2001; Watanabe et al., 2001; Takamura-
Enya et al., 2002; Aleem and Malik 2003a; Kummrow et al., 2003; Umbuzeiro et al., 2004; 
Kutlue^a/., 2008) 
Liquid-liquid extraction using organic solvents provides valuable quanititative 
information and is widely used. However, the liquid-liquid extracted water samples showed 
fewer mutagenic responses compared with XAD-concentrated ones (Rehana et al., 1995, 
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1996; While ei uL. 1999: Takamura-Enya eta!. 2002). Rehana e( al. (1995) used five different 
Salmonella tester strains to compare the mutagenic activity of water samples from four sites 
of the Ganga River, India, using the XAD-resin extraction method and the liquid-liquid 
extraction method. Samples always showed '"extreme" mutagenic activity for TA98 and 
FA 100, both with and without S9 mix. The maximum activity for each strain was > 10,000 
revertants per liter. They also found a similar pattern in the responsiveness of tester strains 
for a mixture of pesticides, suggesting that the mutagenicity of water extracts m.ay be 
attributable to the pesticides used in the upstream region. Aleem and Malik (2003a) and 
Siddiqui and Ahmad (2003) reported that XAD concentrated water samples from the River 
Yamuna, India, were remarkably high for TA98 (classified as "extreme") compared to 
TAIOO (classified as "high"), both with and without S9 mix. It was also reported that XAD 
concentrated samples elicited higher responses than liquid-liquid concentrated samples. The 
water samples collected during the summer exhibited higher mutagenic activity compared 
with other seasons, and water samples also contained oxidative (TA102) mutagens. This 
extreme mutagenic contamination of the river water is likely to be derived from a 
combination of domestic, municipal and industrial effluents found at this sampling site. 
Soil genotoxicitj' 
Thousands of chemicals are released and find their way into the environment i.e. air, 
land, ground and surface water, by industrial activity etc. Numerous genotoxic compounds 
have been detected in both the particulate and gas phases of outdoor air particularly in 
densely populated urban regions (Cohen 2000). Combustion of fossil fuels for power 
generation and transportation in industrial facilities, power plants and motor vehicles are 
thought to be a major source of these genotoxic compounds. In addition to the genotoxic 
compounds released directly into the environment by combustion process, some of these 
compounds are thought to be formed from primary combustion products via chemical and 
photochemical reaction in the outdoor environment (Natusch 1978; Watanabe and Hirayama 
2001). Most of the atmospheric compounds eventually descend to the ground, and therefore 
the ground surface may be contaminated with these genotoxic compounds. It was reported 
that some industries, e.g. pulp and paper mills, steel foundries and organic chemical 
manufacturing facilities discharge waste of noteworthy genotoxic potency (Houk 1992). 
Genotoxic compounds in soil may have an eftect on human health through mhalation 
of dust, ingestion of plants that absorbed the compounds from the soil, and the leaching of 
the compounds from soil to ground and surface water used for drinking (Watanabe and 
Hirayama 2001). I'he physical and chemical nature of soil is very complex and standard 
chemical and pedological analyses are limited in their ability to characterize the chemical 
composition of genotoxicants in soil. On the other hand, genotoxicological and mutagenicity 
bioassays provide a means for assessing the genotoxicity of complex mixtures without the 
need of precise chemical characterization. The genotoxicity of unknown mixtures is usually 
evaluated by exposing such samples to living organisms which are further examined for 
genetic damage (Chenon et al., 2003; Martin et al., 2005; Mouchet et al, 2006). Most of the 
studies looking at the genotoxicity evaluation of soil samples focused on preparing the 
leachates from soil samples prior to performing the bioassays (Bekaert et al., 1999, 2002; 
White and Claxton 2004). 
The Salmonella mutagenicity test is undoubtedly the most popular bioassay in 
environmental mutagenesis research, particularly for the analysis of complex mixtures such 
as organic extracts of soil, air, and water (Lewtas 1988; DeMarini 1991, 1994, 1998; Claxton 
and George 2002; White and Claxton 2004; Chen and White 2004). The standard version of 
the assay, known as the plate incorporation assay, is a reverse mutation test that quantifies 
the frequency of reversion from histidine auxotroph to wild-type following a 48- to 72-h 
incubation with the test substances (Mortelmans and Zeiger 2000; Ames et al., 1973; Maron 
and Ames 1983). Several tester strains of Salmonella are available, carrying a variety of his 
mutations. 
Several studies that employed the Salmonella mutagenicity assay also examined 
levels of selected contaminants previously shown to possess genotoxic activity (Lah et ah, 
2008; Pereira et al., 2009). Studies that examined soils collected from industrial or urban 
areas frequently measured levels of homocyclic PAHs, the products of high-temperature 
combustion, including several known mutagens and animal carcinogens (e.g., 
benzo[a]pyrene, dibenz[ah] anthracene). Sources of these PAHs include industrial emissions 
(e.g., steel founding, coking), mobile source emissions (e.g., automobile), and natural 
emissions (e.g., forest fires, volcanoes) (Tsapakis et al., 2002). Three studies measured levels 
of dinitropyrenes, a group of compounds that include some of the most potent bacterial 
mutagens ever examined, which are emitted from heavy- and light-duty diesel vehicles 
including automobiles, trucks and rail locomotives (White and Claxton 2004). Since PAHs 
are hydrophobic compounds that are usually extracted from dry soil samples using a 
nonpolar solvent or solvent mixture such as hexane or hexane/acetone (Hawthorne et al.. 
2000; Northcott and Jones 2001; Song et al, 2002; Pena et al, 2007; Vagi et al, 2007), it is 
not surprising that the strength of this relationship was significantly improved when MetOH 
extract values were excluded. 
There arc several reports on the genotoxiciiy of soil contaminated with chemicals 
originating from industrial sources. The contaminants of these soil samples varied widely e.g. 
polychlorinated biphenyls (DeMarini et al, 1992; Cotelle et al, 1999; Pent 2004), pesticides 
(Ruiz and Marzin 1997), polycyclic aromatic hydrocarbons (Ehrlichmann et al, 2000), heavy 
metals (Wang 1999; Ehrlichmann et al, 2000; Vidic et al, 2008), munition wastes 
(Ehrlichmann et al, 2000), wood preserving wastes (McDaniels et al, 1993; Randerath et 
al, 1994) etc. Donnelly et al (1988) evaluated the genotoxicity of soil samples collected 
from the vicinity of a PCB disposal area using Salmonella mutation assay. They reported that 
sequential extracts of the soil samples with methylene chloride and methanol were mutagenic 
towards TA98 in the presence of the mammalian metabolic activation system (S9 mix). 
Ehrlichmann et al. (2000) evaluated genotoxicity of concentrated and non concentrated 
aqueous soil extracts from various soil samples using three bacterial assays: the umu test with 
Salmonella typhimurium TAl535/pSK1002, the NM2009 test with Salmonella typhimurium 
NM2009 and SOS chromotest with E. coll P037. They reported that the concentrated and 
non concentrated aqueous extracts from the samples contaminated with nitroaromatic 
compounds exhibited an extremely high genotoxic potential in all of the genotoxicity tests. 
Vidic et al. (2008) assessed the genotoxic potential of water extracts from soil polluted with 
metals (Pb, Cd, and Zn) by the former lead smelter in Zerjav, Slovenia using comet assay 
with Tetrahymena thermophila and human hepatoma cells (HepG2). In addition, the toxicity 
of soil samples and their extracts was evaluated using Vibrio fischeri and delayed 
fluorescence of Lemna minor. They reported that four of five plots near the former lead 
smelter were highly contaminated with Pb, Cd, and Zn, but the amount of metals in 
water/soil extracts was low at all the sampling plots. Genotoxicity was demonstrated using T. 
thermophila for the majority of the extracts, and HepG2 cells for only some of the extracts, 
TO 
whereas V. fischeri indicated a gradual decrease in soil toxicity with greater distance from the 
smelter. 
Agricultural soil was also reported to be mutagenic in the Salmonella mutation assay 
both in the presence and absence of S9 mix (Brown et ah, 1985; Edenharder et ah. 2000; 
Courty et al.., 2008). Goggleman and Spitzauer (1982) examined n-hexane/acetone extracts of 
soil from several agricultural fields on which crops such as asparagus, rye, oat, pasture and 
meadow grew, and showed that all soil sam.ples were mutagenic towards S. typhimurhtm 
TA98 and TAIOO with some differences in potency. Brown et al. (1985) demonstrated that 
dichloromethane extracts of three types of agricultural soil exerted mutagenicity in 
eukaryotic test using Aspergillus nidulans as well as in Salmonella assay, and suggested that 
the activity was related to past agricultural practices, including biocide application, 
fertilization and cultivation. 
Courty et al. (2008) studied the mutagenic potency of soil samples presumably not 
contaminated by industrial wastes and discharges. A set of 51 soil samples was collected 
from areas considered as not contaminated by a known industrial activity. Their results 
obtained showed a wide range of effect levels, from no effect to clear mutagenicity. In 
particular, the extract of all 11 urban soil samples demonstrated mutagenic activity, while the 
extracts of 10 of the 15 suburban samples showed mutagenicity. On the other hand, the 
extract of only one of the seven agricultural samples studied induced mutations, and none of 
the 18 natural or forest-soil samples investigated produced mutagenic extracts. These 
findings seem to indicate the crucial influence of the diffiase pollution originating fromx 
different human activities on the mutagenic potency of urban soil samples. Mielli et al. 
(2009) evaluated the genotoxicity of treated sludge samples collected at four different sewage 
treatment plants (STP) located in the State of Sao Paulo, Brazil using the Tradescantia 
micronucleus assay. They reported that sludge samples mixed with reference soil in 
concentrations of 10, 25 and 50% (v/v) induced genotoxicity. 
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Chcmicals/Biochemicals 
Acetic acid (glacial) 
Acetone 
Acetonitrile 
Agar powder 
Acaro'^p 
—o 
Azide de 
Ampicillin 
Biotin 
Cadmium chloride 
Chloroform 
Chromic chloride 
Citric acid monohydrate 
Cupric chloride 
DMSO 
DNA hyperladder VI 
EC broth 
EDTA 
EMB agar 
Ethanol 
Fluorescent denitrification agar 
EMB agar 
Ethidium bromide 
Glucose 
77-Hexane 
Histidine hydrochloride 
Hydrochloric acid 
Jensen's broth 
Kovac's reagent 
Lambda DNA digested with EcoRl and Hind III 
Source 
Qualigens, India 
SRL, India 
SRL, India 
Hi Media, India 
111 ivxw»axu., i i i u i a 
Hi Media, India 
Hi Media, India 
Hi Media, India 
Hi Media, India 
SRL, India 
Hi Media, India 
Hi Media, India 
Qualigens, India 
SRL, India 
Bioline, USA 
Hi Media, India 
Hi Media, India 
Hi Media, India 
E.merck, Germany 
Hi Media, India 
Hi Media, India 
Hi Media, India 
Qualigens, India 
SRL, India 
Hi Media, India 
Qvialigens, India 
Hi Media, India 
Hi Media, India 
Genei, India 
Lead chloride 
MacConkey broth 
Magnesium sulfate 
Mercuric chloride 
Methanol 
MR-VP broth 
Nickei chloride 
•KTU..: „ - J 
Nitrofurantoin broth base 
Nutrient broth 
Perchloric acid 
Phenol (saturated) 
Potassium dichromate 
Potassium phosphate (dibasic) 
Sodium Ammonium phosphate 
Sodium chloride 
Sodium dodecyl sulfate 
Sodium hydroxide 
Triple sugar iron agar 
Tris.HCl 
XAD-4 
XAD-8 
Zinc chloride 
Note: Chemicals which have not been 
Loba Chemicals. India 
Hi Media, India 
Qualigens, India 
Quaiigens, India 
SRL, India 
Hi Media, India 
Qualigens, India 
Quaiigens, India 
Hi Media, India 
Hi Media, India 
Qualigens, India 
SRL, India 
Qualigens, India 
Hi Media, India 
E-Merck, Germany 
Qualigens, India 
Qualigens, India 
Qualigens, India 
Hi Media, India 
SRL, India 
Serva GmbH, Germany 
Serva GmbH, Germany 
Qualigens, India 
included in the list were of analytical grade. 
Bacteriological media 
Asparagine broth (pH 7.2) 
Asparagine, DL 
Anhydrous dipotassium hydrogen phosphate 
Magnesium sulphate 
3.0 g 
l.Og 
0.5 g 
iOOO ml 
Basal Medium (carbohydrate fermentation) (pH 6.8) 
Ammonium dihydrogen phosphate 
Potassium chloride 
Magnesium sulfate 
Phenol red (5% solution) 
Sugar 
Distilled water 
l.Og 
0.2 g 
0.2 g 
0.7 ml 
1.0% 
1000 ml 
EC broth (pH 6.9) 
Tryptone 
Lactose 
Bile salt 
Dipotassium, phosphate 
Monopotassium phosphate 
Sodium chloride 
Distilled water 
20 g 
5.0 g 
1.5 g 
/I A r, 
- r . u g 
1.5 g 
5.0 g 
1000 ml 
EMB agar (pH 7.1) 
Peptone 
Lactose 
Sucrose 
Potassium phosphate 
lOg 
5.0 g 
2.0 g 
2.0 g 
Eosin Y 
Methylene Blue 
Agar 
Distilled water 
Jensen's broth 
Sucrose 
Magnesium sulfate 
Sodium chloride 
Ferrous sulfate 
Sodium molybdate 
Calcium carbonate 
Distilled water 
MacConkey broth (Double strength) (pH 7.4) 
Peptone 
Lactose 
Bile salts 
Sodium chloride 
Neutral red 
Distilled water 
MacConkey broth (Sin 
Peptone 
Lactose 
Bile salts 
Sodium chloride 
Neutral red 
Distilled water 
gle strength) (pH 7.4) 
0.4 g 
0.065 g 
13.5 g 
1000 ml 
on n 
i.o g 
0.5 g 
0.5 g 
0.1 g 
0.005 g 
2.0 g 
1000 ml 
40 g 
20 g 
lOg 
lOg 
0.15 g 
1000 ml 
20 g 
lOg 
5.0 g 
5.0 g 
0.075 g 
1000 ml 
Medium for master plates 
SOX VB salt* 
40% glucose 
Histidine HCI.H2O (2 g/400 ml) 
0.5 niM biotin 
Ampicillin solution (8 mg/ml 0.02M NaOH) 
Tetracycline solution (8 mg/1 0.02 N HCl) 
Agar 
Distilled water 
Tetracycline was added only for use with TA102 strain that 
20.0 ml 
50.0 ml 
10.0 ml 
6.0 ml 
3.15ml 
0.25 m! 
i 5 g 
910.0 ml 
is tetracycline resistant 
Minimal glucose plates for mutagenicity assay 
SOX VB salts 
40% glucose 
Agar 
Distilled water 
20 ml 
50 ml 
15g 
930 ml 
MR-VP broth (pH 6.9) 
Peptone 
Dextrose 
Potassium phosphate 
Distilled water 
7.0 g 
5.0 g 
5.0 g 
1000 ml 
Nitrate broth (pH 7.2) 
Peptone 
Beef extract 
Potassium nitrate 
Distilled water 
5.0 g 
3.0 g 
5.0 g 
1000 ml 
Nutrient agar (pH 7.4) 
Peptone 5.0 g 
Beef extract 
Yeast extract 
Sodium chloride 
Agar 
Distilled water 
1.5 g 
1.5g 
5.0 g 
15g 
1000 ml 
Nutrient broth (pH 7.4) 
Perytonp 
Beef extract 
Yeast extract 
Sodium chloride 
Distilled water 
:>.ug 
1.5 g 
1.5 g 
5.0 g 
1000 ml 
Nutrient gelatin (pH 6.8) 
Peptone 
Beef extract 
Gelatin 
Distilled water 
5.0 g 
3.0 g 
120 g 
1000 ml 
Pseudomonas isolation agar (pH 7.2) 
Peptic digest of animal tissue 
Magnesium chloride 
Potassium sulfate 
Irgasan 
Glycerol 
Agar 
Distilled water 
20 g 
1.4 g 
lOg 
0.025 g 
20 ml 
13.6g 
1000 ml 
Simmon citrate agar (pH 6.8) 
Ammonium hydrogen phosphate 
D[potassium phosphate 
1.0 g 
1.0 g 
Sodium chloride 
Sodium citrate 
Magnesium sulfate 
Bromothymol blue 
Agar 
Distilled water 
5.0 g 
2.0 g 
0.2 g 
0.08 g 
15g 
000 ml 
Soft agar {pH 7.4) 
Peptone 
Beef extract 
Yeast extract 
Sodium chloride 
Agar 
Distilled water 
5.0 g 
1.5 g 
1.5g 
5.0 g 
7.0 g 
1000 ml 
Starch agar (pH 6.9) 
Peptone 
Beef extract 
Starch 
Agar 
Distilled water 
5.0 g 
3.0 g 
2.0 g 
15g 
1000 ml 
S9 mix (rat liver microsomal enzymes + cefaclors) 
Rat liver 89 (arocolor 1254 induced) 
MgCl2-KCl salts 
1 M glucose-6-phosphate 
0.1 MNADP 
0.2 M phosphate buffer, pH 7.4 
Distilled water 
2 ml 
1.0 ml 
0.25 ml 
2.0 ml 
25.0 ml 
19.75 ml 
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Top agar for mutagenicitj' assay 
Sodium chloride 
Agar 
Distilled water 
5.0 g 
6.0 g 
100 ml 
0.5 mM histidine/Biotin solution (10 ml) was added to 100 ml top agar. 
Triole suear iron apar (nH 7,4) 
Peptone 
Tryptone 
Yeast extract 
Beef extract 
Lactose 
Saccharose 
Agar 
Distilled water 
l U g 
10 g 
3.0 g 
3.0 g 
lOg 
lOg 
15g 
1000 ml 
Tryptone broth 
Tryptone 
Sodium chloride 
Distilled water 
lOg 
5.0 g 
1000 ml 
Vogel bonner medium E (SOX) 
Magnesium sulfate 
Citric acid monohydrate 
Potassium phosphate (anhydrous) 
Sodium ammonium phosphate 
Distilled water 
lOg 
100 g 
500 g 
175 g 
670 ml 
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Staining reagents 
Crystal violet 
Solution A 
Crystal violet (90% dye content) : 2.0 g 
Ethyl alcohol (95%) : 20.0 ml 
Solution B 
.A.ninion!um oxalate : 0.8 £ 
DisLilieu water : 80 ml 
Gram's Iodine 
Iodine : 1-0 g 
Potassium iodide : 2.0 g 
Distilled water : 300 ml 
Safranin 
Safranin O (2.5% solution in 95% ethyl alcohol) : 10 ml 
Distilled water : 100 ml 
Biochemical test reagents 
Barritt's reagent 
a-napthol : 5.0 g 
Ethanol (absolute) : 95 ml 
Solution B 
Potassium hydroxide : 40 g 
Creatine : 0.3 g 
Distilled water : 100 ml 
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Diphenylamine indicator 
Diphenylarnme 
Concentrated II2SO4 
Distilled water 
0.5 g 
100 ml 
20 ml 
Ferrous ammonium sulfate (0.4 N) 
Ferrous ammonium sulfate 
Concentrated H2SO4 
Distilled water 
14 ml 
1000 ml 
Hydrogen peroxide reagent 
Hydrogen peroxide 
Kovac's reagent 
p-Dimethylaminobenzaldehyde 
Amyl alcohol 
Hydrochloric acid (concentrated) 
5.0 g 
75 ml 
25 ml 
Methyl red solution 
Methyl red 
Ethyl alcohol (95%) 
Distilled water 
0.1 g 
300 ml 
200 ml 
Nitrate test solutions 
Solution A 
Sulphanilic acid 
Acetic acid (5N) 
Solution B 
a-Naphthylamine 
Acetic acid (5N) 
8.0 g 
1000 ml 
5.0 g 
1000 ml 
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Oxidase reagent 
p-aminodimethyianiline oxalate 
Distilled water 
• 0.5 g 
: 50 ml 
Solutions and buffers 
Glucose solution (40%) 
Glucose 
Distilled water 
:40g 
: 100 ml 
Histidine/Biotin solution for mutagenicity assay (0.5 mM) 
D-Biotin : 30.0 mg 
L-Histidine HCl : 24.0 mg 
Distilled water : 250 ml 
Lysing solution (pH 12.6) 
SDS 
Tris.HCl 
3% 
50 mM 
Magnesium sulfate solution (0.01 M, pH 8.5) 
MflPne'jinm (jnlfatp 
Distilled water 
O /I ^ 
1000 ml 
Marker dye 
Glycerol 
Bromophenol blue 
EDTA 
50% 
0.05% 
40 mM 
Normal saline solution (NSS) 
Sodium chloride 
Distilled water 
: 0.85 g 
: 100ml 
TAE buffer (lOX, pH 8.0) 
Tris.HCl : 48.4 g 
Acetic acid (glacial) : 11.4 ml 
0.5 M EDTA : 20 ml 
TE (pH 8.0) 
Tris.HCl : 10 mM 
EDTA : 1 mM 
Site description and sample collection 
Composite wastewater and soil samples were collected from industrially polluted city 
of Ghaziabad, U.P.^India. from January 2005 to December 2007. Ghaziabad is an industrial 
city and is known as industrial hub of Uttar Pradesh. It is located about 1.5 km east of the 
Hindon River at Latitude 28° 40' North and Longitude 77° 25' East. The seasons in the year 
for collection of samples were distributed as follows: winter (December-January), spring 
v^iViarCIi-y vp i l iy , S l i m m v i \^ivia_y-juijuy e m u pvjoi iiiwiiovjuii ^^r-iugu3i- ov^pn^ i i iu t i ^. 
The wastewater sample collected comprvse both mdustnal ai\d domestic waste as 
there is no separation of industrial effluents from domestic effluents, and these two get mixed 
up because proper compartmentalization of different sewerages is not present. The samples 
were composited by mixing 2 L of wastewater collected at five different points at the 
sampling site to make 10 L composite sample. Composite soil samples were collected from 
surface to depth of about 15cm from different locations of the agricultural fields in the 
vicinity of the industrial area of Ghaziabad which had been continuously irrigated with the 
wastewaters for more than two decades. For each field, 1 kg of soil from four different sites 
within the field was collected and composite samples of 4 kg were prepared. 
Bacteria used for mutagenicity and genotoxicity 
The characteristics o( Salmonella typhimurium and Escherichia coli K-12 are given in 
Table 1. The Salmonella typhimurium (a kind gift of Prof T. Nohmi) strains were maintained 
in frozen stocks and grown as described by Maron and Ames (1983). Each strain was tested 
on the basis of associated penetic markers raising it from a single colony from the master 
plate (Maron and Ames 1983). The bacterial strains of ii. coli K-12 were obtained from 
Berlyn, M.K.B. {E. coli Genetic Stock Center, MCD Biology Department, Yale University, 
New Haven, USA). They were always plated on nutrient broth containing 1.5% (w/v) agar. 
Preparation of S9 (mammalian liver microsomal fraction) 
Preparation of rat liver microsomal fraction was done according to the method of 
Garner et al. (1972). Albino rats weighing approximately 200 g were induced with arochlor 
1254. 
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Table 1. Characteristics of Salmonella typhimurium and E. coli K-12 strains 
Relevant genetic markers Strain 
designation 
Ames Tester Strains 
TA97a uvrB, hisD66J. bio. rfa. R-fector plasmid-pkMlOl. frame 
shift mutation at G-C site 
Source 
T. Nohmi 
National Institute of 
Hygienic Sciences, 
Division of Genetics a 
iviUtagciicSiS, 1 OKYO 
Innnn 
T. Nohmi 
T. Nohmi 
T. Nohmi 
T. Nohmi 
TA98 uvrB, hisD3052, bio, rfa, R-factor plasmid-pkMlOl 
frame shift mutation at G-C site 
TAIOO uvrB, hisG46, bio, rfa, R-factor plasmid-pkMlOl, base pair 
substitution mutation at G-C site 
TA102 rfa, R-factor plasmid-pkMlOl, muhicopy plasmid paQl 
containing hisG428 auxotrophic marker and Tet*^ , transition 
mutation at A-T site 
TA104 uvrB, hisG428, rfa, R-factor plasmid-pkMlOl, transition 
mutation at A-T site 
Escherichia coli K-12 Strains 
AB1157 thi-l,argE3, thr-1, leuB6, proA2, hisG4, lacYl, F",St/, X' Berlyn, M.K.B. 
E. coli Genetic Stock 
Center, MCD Biology 
Department, Yale 
University, New Have 
USA 
AB2463 recA13,thi-l,argE2, thr-1, leuB6,proA2, hisG4, FStr', X' Berlyn, M.K.B. 
AB2494 lexA13, thi-1, leuB6, proA2, hisG4, inetB, lacYf V, Str', X' Berlyn, M.K.B. 
KL400 
KL403 
thi-1, lex86, proC32, hisF860, lac736, molA38, ara-14,xyl- Berlyn, M.K.B. 
5, mtl-1, strA109, spe-15 
polAl, ara-14, lex86, lac2236, proC32, hisF860. ThyA54, Berlyn, M.K.B. 
RspE2115, rsp2109, malA38 xyl-5, mtl-1 
Bacteriophage X was obtained from Prof. Gail E. Christie, Department of Microbiology 
Immunology, Virginia Commonwealth University, Richmond, USA. 
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Introduction 
The soil is a long-term sink for the group of potentially toxic elements often referred 
to as heavy metals like zinc, copper, nickel, lead, chromium and cadmium. Whilst these 
elements display a range of properties in agricultural soil including differences in mobility 
and bioavailability, leaching losses and plant uptake are usually relatively small compared to 
the total quantities entering the soil from different diffuse and agricultural sources. As a 
consequence these potentially toxic elements slowly accumulate in the soil profile over long 
periods of time. This could have long-term implication for the qualiiy of agricultural soils, 
including phytotoxicity at high concentrations, the maintenance of soil microbial processes 
and the transfer of zootoxic elements to the human diet from increased crop uptake or soil 
ingestion by the grazing livestock (Nicholson et al., 2003). 
The population and species of microbes in soil vary directly with envirormiental 
conditions such as nutrient availability, soil texture and type of vegetation cover (Nannipieri 
et al, 2003; Allen and Schlesinger 2004). Soil microorganisms also contribute to soil 
structure and soil fertility (Yao et al., 2000; Kirk et al., 2004). The soil microflora has been 
extensively studied in different environments, such as high altitude (Yang et al, 2003), 
tundra (Zhou et al., 1997), boreal forest (Henckel et al., 2000), tropics (Gomes et al., 2001), 
desert mountain (Bailey et al., 2002), polluted and cultivated areas (Dai et al., 2004). 
Heavy metals at high concentrations may have great impacts on soil microbial 
community structure, biomass, and activities. The adverse effect of heavy metals has often 
been observed as a reduction in microbial biomass and activity (Aoyama and Nagumo 1997; 
Kuperman and Carreiro 1997). Low microbial biomass and activity may limit the 
decomposition of soil organic matter and lead to the accumulation of organic materials in 
metal-contaminated soils (Chander and Brookes 1991). Reduced microbial activity may 
originate from the change of microbial community structure after long-term exposure to 
heavy metal pollution. Heavy metals are often mixed with organic pollutants in contaminated 
sites. The presence of multiple contaminants may present extreme challenges to the 
maintenance of a phylogenetically and functionally diverse microbial community. In soils 
contaminated with both heavy metals and hydrocarbons, only microbes that tolerate both 
heavy metals and toxic levels of hydrocarbons may survive (Shi et al.. 2002b). 
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Soil contamination is tlie result of human activity, including the entry of industrial 
wastes into soil through atmospheric deposition or application of agrochemicals and dumping 
of domestic waste to the land, ihese contaminants reduce the soil quality for agricultural 
production. Soils thus play an important role for the global flux of pesticides in the 
environment (Sanghi and Sasi 2001). Soils are very important in the fate and distribution of 
persistent toxic substances in the environment since they have a huge retention capacity and 
they may work as re-emission sources for the atmosphere (Harner et al., 2001; Barra el ciL, 
2005). 
Elevated concentrations of these compounds are known to affect soil microbial 
populations and their associated activities (MacGrath 1994; MacGrath et al., 1995). Several 
studies have demonstrated that microbial parameters may be useful as indicators of changing 
soil conditions caused by chemical pollution (Chander and Brookes 1991; 1993; van Beelen 
and Doelman 1997; Malik and Ahmad 2002). This chapter deals with the physico-chemical 
analysis as well as microbial status of the wastewater and soil in the neighbourhood of the 
city of Ghaziabad in terms of total coliforms, fecal coliforms, fecal streptococci, 
Pseudomonas, aerobic heterotrophic bacteria, fungi, asymbiotic N2 fixers, and actinomycetes. 
Materials and methods 
Physical characteristics of the soil 
Physical characteristics of the soil like texture, pH, water content and organic carbon 
content were determined as described in Gupta (2004a). 
Heavy metal analysis of the soil and wastewater 
The soil samples were oven dried (40°C), finely ground (< 0.1 mm) and were burnt 
into ashes in a crucible. Ashes of 1 g of soil sample were taken in a conical flask. The 
samples were moistened with 1 ml of double distilled water. Then cone. HCl and HNO3 were 
successively added in a 3:1 ratio. The flask was heated gently on a heating plate until the 
sample was digested, indicated by the formation of a clear solution above the soil residue. 
The mixture was reduced to a volume of 1 ml. Double distilled water was added until a final 
filtrate volume of 100 ml was reached and filtered through Whatman filter paper no. 1 and 
42. Digested soil samples were analyzed for metal concentrations using atomic absorption 
spectrophotometry (Malik and Jaiswal 2000). Atomic absorption spectrophotometer model 
GBC 932 Plus (GBC, Australia) was used for the determination of heavy metals. All 
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chemicals used were of anaiyucal grade and solutions were prepared in double distilled 
water. 
Twenty-five ml of water obtained as described earlier were taken in a conical flask. It 
was then digested with nitric acid: perchloric acid as described in Standard Methods (APHA 
1995). Digested water samples were analyzed for heavy metals using atomic absorption 
spectrophotometery. 
Culture media and conditions for enumeration of microbial population 
Total numbers of culturable heterotrophic aerobic bacteria and colony forming units 
(CPU) of fungi, actinomycetes and asymbiotic nitrogen fixers were determined by serial 
dilution and plating on selective media. Serial dilutions of wastewater (10 ml) and soil (10 g 
fresh weight) were made in 90 ml of normal saline solution. Bacteria were counted at 30°C 
after 3-5 days of incubation on nutrient agar (peptic digest of animal tissue 5 g/L; sodium 
chloride 5 g/L; beef extract 1.5 g/L; yeast extract 1.5 g/L; agar 15 g/L). Fungi were grown at 
28°C for 5 days on Rose Bengal agar (glucose 10 g/L; peptone 5 g/L; dipotassium hydrogen 
phosphate 1 g/L; magnesium sulphate 0.5 g/L; rose Bengal 0.033 g/L; agar 15 g/L). 
Actinomycetes were cultivated at 28°C for 7 days on Kennight medium ( dextrose 1 g/L; 
potassium dihydrogen orthophosphate 0.1 g/L; sodium nitrate 0.1 g/L; potassium chloride 0.1 
g/L; magnesium sulphate 0.1 g/L; agar 15 g/L). Asymbiotic nitrogen fixers were grown on 
Jensen's medium (sucrose 20 g/L; dipotassium phosphate 1 g/L; magnesium sulphate 0.5 
g/L; sodium chloride 0.5 g/L; ferrous sulphate 0.1 g/L; sodium molybdate 0.005 g/L; calcium 
rarhonf l tp 9 cr/L' Siot^r 15 o/L^ 
Statistical analysis 
Cell count data at different metal concentration were adjusted to exponential decay 
model of the form 
Ne = Noe-P' 
Where Nc is the number of bacterial cell at c concentration; No is the number of bacteria at 
zero concentration; c is the concentration of metal used. 
The value of the slope (P), correlation coefficient (R) and residual mean square (RMS) were 
obtained by curve fitting. The higher value of R and lower value of RMS represent best 
bacterial cell count decav. 
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Results 
The physicochemical analysis of wastewater and soil samples is presented in table 1. 
Test samples collected from Ghaziabad wastewater drainage show pH in the range of 6.70-
6.93, while the pH of agricultural soil irrigated with wastewater was in the range of 8.10-
8.37. The soil of the sampling site is alluvial. The soil texture analysis showed it to be a 
loani'^ ' soil havin" 20.1?4) to 20.5% water content and 0.43% to 0.47% organic carbon. No 
significant difference was observed in pH, water content, and percent organic carbon during 
the different seasons. Inorganic minerals such as sulfate, nitrate, phosphate, calcium, and 
magnesium were present in variable concentrations in the test samples. The concentrations of 
all the minerals were lower in the postmonsoon season. Majority of the minerals detected in 
the test soil and wastewater were much higher in summer, while phosphate, nitrate, and 
calcium were low during summer in the wastewater. The maximum concentration of 
magnesium, phosphate, sulfate, nitrate, and calcium was found to be 98.77 ± 4.55, 2.50 ± 
0.49, 117.8 ± 11.1, 1.9 ± 0.4, and 108.1 ± 7.1 mg/L in the wastewater, respectively. 
Compared to wastewater, the concentrations of all the inorganic minerals were recorded 
higher in the soil (Table 1). 
The atomic absorption spectrophotometric analysis of heavy metals (Cd, Cr, Cu, Fe, 
Ni, and Zn) in the test samples from Ghaziabad revealed high levels of Fe, Cr, Cu, Ni, and 
Zn in all the seasons. Compared to wastewater, soil contained higher levels of all these 
metals. The maximum concentration of Cd, Cr, Cu, Fe, Ni, and Zn recorded in the 
wastewater was 3.4 ± 0.8, 36.4 ± 4.4, 30.4 ± 7.9, 1,047.7 ± 111.62, 27.1 ± 4.1, and 24.2 ± 4.3 
mg/L during the summer season, respectively. While the maximum concentration in soil 
were 3.87+0.40, 47.3±7.5, 46.317.3, 1091.1±182.5, 31.8±5.6, and 24.8±8.3 mg/Kg of Cd, Cr, 
Cu, Fe, Ni, and Zn during summer season respectively (Table 1). 
The data presented in figure 1 and 2 reflect the seasonal variation in the different 
groups of indicator bacteria from wastewater and soils of the same area. The microbial count 
of different indicator bacteria including the Pseudomonas were determined in the wastewater 
as well as in the soil samples and higher number of total coliform, fecal coliform and fecal 
streptococci were observed in wastewater samples as compared to that of the soil, but the 
reported number of Pseudomonas was much lower in wastewater than soil irrigated with 
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wastewater (Figure 1 and 2). Total eoliforms were found to be much higher (]!.33xlO'^ 
MPN/l00ml) during spring and summer followed by winter and postmonsoon in wastewater, 
while the soil contained much higher eoliforms, in summer followed by winter, spring and 
post monsoon. 
The total aerobic heterotrophic bacteria, fungi, actinomycetes and asymbiotic N2 
fixers were also estimated in the wastewater as well as in the soils. The counts of the resistant 
population of all these microorganisms were evaluated on nickel and cadmium amended 
plates in the concentrations ranging from 50-200 |ig/ml. It was found that microbial count 
was highest when no metal added, but with increasing metal concentrations a gradual decline 
in their numbers have been observed. The concentration 200 |J.g/ml of Cd and Ni inhibit 
majority of the population. Nickel inhibits 100% population of actinomycetes and asymbiotic 
N2 fixer at 200 |ig/ml in spring, summer and postmonsoon, while Cd inhibits 100% 
population of fungi, actinomycets, asymbiotic N2 fixer and fungi at the same concentration in 
all the seasons (Table 2 and 3). In soil samples the highest count of total aerobic heterotrophs 
(7.3 xl0^± 2.0 xlO*') and fungi (7.1 xlO'^i 4.0x10^) were recorded during summer season, 
while actinomycetes exhibited maximum count (5.1 xlO^±7.0xlO ) during postmonsoon and 
asymbiotic N2 fixers (4.8 xlO^ ± 4.0x10^*) in the winter season. Similarly, in wastewater 
samples the fungi and actinomycetes were maximum in spring and postmonsoon 
respectively. 
The microbial count in the test samples decreases as the metal concentration 
increases. The decline in bacteria! count was highest in sum.m_er (84%)) with nickel and 87%o 
with Cd in soil samples. Decline in fungal count in the soil sample was also highest (67%) 
with Ni and 69%) with 200 (.ig/ml Cd) in the summer season. Actinomycetes and asymbiotic 
N2 fixers were completely inhibited at 200|ig/ml of Ni and Cd in the test samples (Table 2 
and 3). 
The microbial count data of the test samples were adjusted to an exponential decay 
model at the increasing metal concentrations (Figure 3 and 4). The values of R, (3 and RMS 
were calculated by curve fitting for soil and wastewater samples. Asymbiotic N2 fixers were 
found to have maximum R and p values and minimum RMS value in soil at different 
concentration of Ni and Cd. This indicates that asymbiotic N? fixers were best fitted to the 
exponential decay model. In all the season the order of decline in terms of exponential decay 
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of the population of different microbial group in soil was as: Asymbiotic N2 fixers > 
actinomycetes > fungi > aerobic heterotrophic bacteria. The effect of different metal 
concentration on the population of a particular microbial group in different seasons was 
variable. The different microbial group have different P value in different seasons indicates 
that resistant population of microorganisms was variable in different seasons (Table 4-5). 
Discussion 
Domestic sewage and agricultural run-off are usually alkaline in nature due to the 
presence of ammonical compounds, whereas industrial waste can be acidic or alkaline 
(Ravindra et al., 2003). The acidic pH of the vv'astewater indicates the presence of more 
industrial wastes of acidic origin. The pH of the soil was alkaline and contain higher amount 
of inorganic minerals than wastewater. The data on the pH of the soil sample is higher as 
compared to that of Juwarker et al. (1988) and Khasim (1989). Khasim (1989) studied the 
agricultural soil irrigated with wastewater and the pH was reported in the range of 7.5-8.6. 
We have found high value of soil pH which is probably due to irrigation of land with 
wastewater. The soil contains more inorganic minerals than wastewater samples. This may be 
due to the accumulation of these mineral salts in the soil. Tarn (1998) reported 16.50±4.57 
fag/g phosphate in the mangrove soil samples, and also found that the level of nitrate and 
phosphate increases in the soil with wastewater irrigation. The wastewater of Ghaziabad has 
higher level of sulphate. Kaur and Saxena (2002) also reported similar level of sulphate 
(1 lo.yyu^.'D^) 111 wajjicwaici. 
Heavy metal contamination of soil resulting from wastewater irrigation is a cause of 
serious concern due to the potential health impacts of consuming contaminated produce 
(Sharma et al., 2007). Our data of the metal analysis shown in table 1 give a clear picture of 
the contamination of the wastewater and soil by a variety of heavy metals. Some of the 
detected metals are considered to be toxic to the biological system. The concentrations of Fe, 
Cr, Zn, Ni, Cd and Cu were comparable to those reported by earlier workers in different 
regions of the country (Bansal 1998; Rao and Shantaram 1999; Malik et al, 2002). Pal et al. 
(2005) reported high level of Ni (1740-8033.4 mg/kg dry soil), cobalt (93.2-533.4 mg/kg) 
and chromium (302.9-4437.0 mg/kg) and 62-152 g iron per kg dry serpentine soil. Rawat et 
al. (2003) found high level of heavy metals in wastewater from industries in Delhi. They 
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reported Fe 2-212; Cu 0,2-20; Zn 0.2-5; Ni 0.6-6; Cr 0.2-53; Cd 0.08-0.2 mg/L m 
wastewater, while the concentration were Fe 5842-78000; Cu 206-7201; Zn 406-9000; Ni 
22-3621; Cr 139-3281; Cd 37-65 mg/kg in bed residues. 
Quantitative and representative recovery of microorganisms from environmental 
samples is essential in understanding ecosystem function. A number of binding forces, 
including electrostatic and vander Waals forces, hydrogen bonding and physical entrapment 
(ivlarshall, 1976) need to be overcome m order to reduce cell-soi! associations and allow 
extraction of cells. Chemical (anionic detergents, ion-exchange resins) and physical (shaking, 
blending, ultrasonication) dispersion treatments are often used but even with exhaustive 
multi-stage extractions, large proportions of bacterial populations remain associated with soil 
particles (Hopkins et ai, 1991). 
The capacity of some species to adhere to soil particles more strongly than others 
(Melimannavaz et al., 2001) will affect their ease of extraction. However, even if large and 
representative numbers are extracted, their culturability, and therefore their enumeration, will 
be determined by the nutritional and growth requirements of the individual species. Use of a 
number of different selective media, including those targeted at identifying C substrate 
utilisation patterns, should provide conditions favourable for the growth of a high proportion 
of those bacteria extracted (Balestra and Misaghi 1997). Nonetheless, even if a range of 
growth media are used, the so-called viable but non-culturable bacteria will not be detected 
(Taylor et ai, 2002). 
Our data on microbial count shows that the populations were low in postmonsoon 
season. Ramalakshmi and Raj (2005) reported that the total bacteria, fungi, actinomycetes, 
diazotrophs, Azotobacter and phosphobacteria ranged from 144 - 760 x 10 ,^ 4 - 66 x lO'*, 14-
28 X lO'*, 48 -148 X 10^ 19 - 84 x 10^  and 2-95 x 10^  cfu/g respectively during April-August 
when the moisture content varied from 6.0 - 7.4% and 125 - 586 x 10 ,^ 6 -18 x 10"^ , 6-55 x 
\0\ 27-84 X 10^ 20-26 x 10"^  and 31-76 x 10^^ respectively during Sep-Dec when the soil 
moisture content increased and ranged from 10.8 - 17.3 per cent and 85-92 x 10^, 15 - 46 x 
10^ 3-8 X 10\ 43 - 71 X 10\ 16 - 42 X 10^  and 23 - 36 x 10^  cfu g-1 respectively during Jan-
Mar when the moisture content varied from 8.2 to 13.0. 
Present findings revealed that asymbiotic Ni fixers are the most affected microbial 
group with increasing concentration of heavy metals. They are more sensitive to heavy metal 
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conlaminaiion. Oliveira and Fampulha (2006) also found that aerobic heterotrophs and 
asymbiotic nitrogen fixing bacteria seem to be more sensitive to heavy metal contamination 
than the other microbial groups and a decrease in popuiation size of about 47% and 77% in 
2003, and 67% and 77% in 2004 respectively. Differences in the viable count of tungal and 
actinomycetes were significant; however, these two microbial groups seemed to be less 
sensitive to the presence of heavy metals (Oliveira and Pampulha 2006). Yao et al. (2007) 
found that the number of living bacteria and Ixingi decreases with increasing concentration of 
rV I nnH t n r t l i p r QiioopQtQ tha t thp Qnil miprr iV i in l a r t i v i t v Viae h p p n inVi ih i tp r l 
Yang et al. (2006) reported that the bacterial population of hemlock soil ranged from 
2.1±1.2 X 10' to l.liO.l X 10^  CFU/g soil, while the content of nitrogen fixing microbes 
ranged from 2.5±0.2 x 10^  to 3.2±1.7 x lO" CFU/g of soil. They also reported that the 
bacterial, fungal and actinomycetes populations in the summer season usually had higher 
values than those in Vt-inter season. Statistical analysis of bacterial, actinomycetes and fungal 
population showed no significant difference between summer and winter seasons. Chandy 
(1999) tested the inhibitory effect of sixteen heavy metals on bacteria at five different 
concentrations and found a gradual decline in their growth with the increasing concentration 
of heavy metals. Moreover, several workers have also reported that heavy metals introduced 
into the water not only bring about several chemical changes and high degree of variation in 
metal concentration but also affect the entire ecosystem including the bacterial population 
(Moore and Ramamoorthy 1984; Brooke 1995; Oliveira and Pampulha 2006). 
Wei and Morrison (1992) demonstrated that all bacterial communities in urban river 
soils were stimulated by the addition of glucose substrates. Addition of sugar beet (mainly 
glucose) also markedly enhanced the numbers of total soil heterotrophs (Falih and 
Wainwright 1996). The present experiment reveals that the addition of heavy metals at lower 
concentration did not affect the bacterial population, but there was a decline in actinomycetes 
and asymbiotic N2 fixers. This is proved by high R and p values and low RMS values of 
actinomycetes and asymbiotic N2 fixers. Tam (1998) found that the soil leaching experiment 
with sewage addition, despite their heavy metal content, did not inhibit any microbial and 
biochemical activities in mangrove soil for 10 weeks. The organic matter and nutrients 
present in wastewater sometimes stimulated the groMh and activities of microorganisms in 
the soils. Dar (1996) reported that addition of Cd at 10 |.ig/g of soil had no significant effect 
on microbial bioinass or enzyme activities, but high concentrations of Cd caused significant 
inhibitions on dehydrogenase and alkaline phosphatase activities. 
The high bacterial counts and microbial activities recorded in wastewater-treated soils 
may also be explained by the presence of surviving microorganisms originally resistant to 
heavy metal pollution, and the adaptation and/or mutation of the original microflora to heavy 
metals (Kandeler et al., 1996). Heavy metal resistant bacteria were isolated from the soils 
and wastewater. The Present study also indicated that not all species have evolved resistance 
mechanisms for metals. Many sensitive species might have been eliminated by the pollutants 
and their place is taken by the resistant species which have different ecological properties. 
The resistant microorganisms often failed to perform specific ecological functions. To some 
extent, sensitive microorganisms not reached by heavy metals (e.g. inside micro aggregates) 
may have also contributed to the microbial counts. 
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Table 4. Correlation coefficient (R), slope and residual mean square (RMS) values 
obtained by exponential decay model for water and soil with nickel. 
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Table 5. Correlation coefficient (R), slope and residual mean square (RMS) 
values obtained by exponential decay model for water and soil with cadmium. 
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soil 
M) 
Concentration \ig/m\ 
Figure 4. Microbial counts with increasing concentration of cadmium fitted to 
exponential decay model for bacteria from (a) water, (a') soil; fungi from (b) water, (b') 
soil; actinomycetes from (c) water, (c') soil; asymbiotic N2 fixing bacteria from (d) 
water, (d') soil 
Chapter IV: Heavy metal and 
antibiotic resistance in 
bacteria 
Introduction 
Soil shows a high diversity of bacterial species; it has been estimated that half of the 
known bacterial genera contain species, which can be considered as soil bacteria. Elevated 
levels of heavy metals can affect the qualitative as well as quantitative composition of 
microbial communities. Heavy metal resistance has been reported to be an important 
characteristic of bacteria found in close proximity of the polluted sites that include water 
bodies and landfills (Murtaza et a'., 2002). Metals are introduced into the aquatic systcins as 
a result of weathering of soil and rocks, from volcanic eruptions and from a variety of human 
activities involving mining, processing and use of metals and/or substances containing metal 
contaminants. Metal traces entering natural water become part of the water sediment system 
and their distribution processes are controlled by a set of physico-chemical interactions and 
equilibria (Jain 2004). The use of these polluted waters transports the metals in agricultural 
soils. 
Antibiotic resistance is a public health concern of great urgency due to growing 
inefficacy of antimicrobial agents to treat infectious diseases. This is mainly due to the 
propagation of antibiotic resistance genes among bacteria, which is exacerbated by the 
overuse of antimicrobials in humans and the intensive use of antibiotics in animal agriculture 
(MoUen et al., 2001; Rysz and Alvarez 2004). The use of antibiotics for clinical and 
veterinary purposes has become widespread from the late sixties, and it is therefore not 
surprising that antibiotic-resistant bacteria have become common (Gellin et al., 1989; 
Amderson 1993; Malik et al, 2002; Yu et al, 2004). 
Analysis of completed microbial genomes has indicated that horizontal gene transfer 
(HGT) continues to be an important factor contributing to the rearrangement of microbial 
genomes (Beiko et al, 2005; Gogarten and Townsend 2005). HGT driven by mobile genetic 
elements, such as plasmids (Frost et al, 2005), insertion sequences (Mahillon and Chandler 
1998), integrons (Nemergut et al, 2004), transposons (Pearson et al, 1996), and phages 
(Canchaya 2003) has been shown to provide microbes with a wide variety of adaptive traits 
for microbial survival and proliferation (e.g. antibiotic and heavy metal resistance and 
diverse metabolic capabilities, including xenobiotic compound degradation and 
virulence). While point mutations contribute to microbial adaptation, horizontal dissemination 
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of genes has proven to be more critical in promoting rapid genomic flexibility and microbial 
evolution (Thomas and Nielsen 2005). 
This chapter focuses on the detection of plasmid specific sequences from prevalent 
plasmid Inc groups and antibiotic resistance genes in multiple metal and antibiotic resistant 
bacterial isolates from wastewater and soils by PCR and dot blot hybridisation. 
Materials and methods 
Isolation of bacteria from soil and wastewater 
Soil homogenate was made by vortex mixing 10 g of soil for 30 min. in 90 ml saline 
solution (0.86%). The supernatant was then serially diluted (up to 10^), plated on nutrient 
agar (peptic digest of animal tissue 5 g/1, sodium chloride 5 g/1, beef extract 1.50 g/1, yeast 
extract 1.50 g/1, agar-agar 15 g/1) and incubated at 35°C for 24 h. 10 ml aliquots of 
wastewater samples were taken and suspended in 90 ml of sterile normal saline solution. 0.1 
ml aliquots of appropriate dilution were plated on nutrient agar and incubated at 35°C for 24 
h. Fifty (from wastewater) and seventy five (from soil) different fast growing bacterial 
isolates with disfinct colony morphology were picked up and purified by repeated streaking 
on nutrient agar. 
Determination of Minimum Inhibitory Concentrations (MIC) of heavy metals 
MIC of heavy metals for each isolate was determined by the plate dilution method as 
adopted by Malik and Jaiswal (2000) and Aleem et al. (2003). The metals Ni^^, Cd^ ,^ Cu^ ,^ 
Zn^ "", Pb^', and Hg^^ were used as NiCb, CdCb, CUSO4.2H2O, ZnCb, PbCb, and HgCb, in 
varying concentrations ranging from 3.12 to 6400 |ig/ml. Stock solutions of the metal salts 
were prepared in distilled water and added to the nutrient agar in various concentrations. The 
plates were spot inoculated with approximately 3x10^ bacterial cells corresponding to 10 |al 
culture. The plates were incubated for 24 h at 35°C. The lowest concentration of the metal, 
which inhibited the growth of the microorganism, was considered as MIC of the metal for the 
strain tested. 
Antibiotic sensitivity test 
All the isolates were tested for sensitivity to antimicrobial agents by means of disc 
diffusion method (Bauer et al., 1966). The following antibiotics (all from Hi-media, Mumbai, 
India) were used. Concentration of the antibiotics used is given in i^g/disc. The abbreviations 
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and concentrations of the respective antibiotics are given in parentheses; ampicillin (A 25), 
chloramphenicol (C 25), ciprofloxacin (Cf 30), co-trimoxazole (Co 25), doxycycline (Do 30), 
gentamicin (G 30), kanamycin (K 30), nalidixic acid (Na 30), neomycin (N 30), streptomycin 
(S 10) and tetracycline (T 30). 
Isolation of plasmid DNA 
The plasmid DNA was isolated using alkaline lysis method as described by Bimboim 
and Doiy (1979) and also by Qiagen Kit. The isolated plasmids were characterized by 
agarose gel electrophoresis according to the standard procedure (Sambrook et al., 1989). 
Gels were photographed using Gel documentation system. 
Bacterial strains and plasmids used in the study 
Bacterial strains used in this study are listed in Table 1. The E. coli strains harboring 
the target plasmids were cultured on LB agar plates with the respective antibiotics. E. 
faecalis OGIX (pMV158) was cultured in Brain Heart Infusion medium (Condalab, Madrid, 
Spain) supplemented with 4 )ig/ml tetracycline. A plasmid containing tet (O) was obtained 
from Marilyn Smith (University of Kansas, Medical Center, KS, USA). The plasmid pIP501 
(DSM8629) containing ermB was obtained from the German culture collection. Prior to PCR, 
colonies of the E. coli host strains were picked with a sterile toothpick, resuspended in 50 pi 
sterile bidistilled water and heated at 95° C for 15 min. An E. faecalis OGlX (pMV158) 
colony was submitted to an alkaline lysis at 95°C prior to PCR (Sambrook et al, 1989). PCR 
amplification was carried out with the primers listed in Table 2 according to the amplification 
profiles described by Gotz et ai. (1996) and in Alexandrino (2006). 
Cell lysate preparation 
Prior to PCR 100|il of overnight culture of the isolates were centrifuged at 10,000 
rpm for 2 min. Pellet was resuspended in 20 \x\ lysis buffer (50 mM NaOH, 0.25% SDS) and 
incubated at 95''C for 20 min. 1:10 dilution was used for the PCR. 
PCR of plasmid specific sequences and antibiotic resistance genes 
Oligonucleotide primers to amplify plasmid backbone regions related to replication 
(IncP trfA2, IncN rep, IncW oriV) and transfer (IncP oriT, IncW oriT) are published in Gotz 
et al. (1996), pMV158 oriT in Alexandrino (2006). The oligonucleotide primers for the 
antibiotic resistance genes ampC, tet (O) and (M), ermB, mecA, and vanA were designed by 
Bockelmann el al. (2009) (Table 2). All PCR primers were synthesized by MWG Biotech 
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(Ebersberg, Germany). For plasmid specific sequences, PCRs were performed in a 50 |jl 
reaction mixture containing 5 \i\ lOx Gentherm reaction buffer (Rapiciozym, Berlin, 
Germany), 1 |il of each dNTP (10 mM), 3.75 mM MgCb (except for IncQ oriT, 4.75 mM), 2 
^1 of each primer (20 pmol |if') and 1.5 U Gentherm DNA polymerase (Rapidozym, Berlin, 
Germany). The amplification program consisted of the following steps: 94''C for 5 min, 
followed by 35 cycles of amphfication divided in 1 min of denaturation at 9 4 ^ , 1 min of 
primer annealing at the teniperalure according to Table 2, and 1 min of primer extension at 
72"C, followed by a 10 min final extension step at 72°C. PCRs were carried out in a Primus 
96 plus PCR-Cycler (MWG Biotech, Ebersberg, Germany). For antibiotic resistance genes, 
amplification was also carried out in a 50 \x\ reaction mixture containing 2 |.d of each primer 
(20 pmol lil"'), 1 f-il of each dNTP (10 mM), 1.5 U Gentherm DNA polymerase (Rapidozym, 
Berlin, Germany), 2 mM MgCli, and 5 [il lOx reaction buffer (Rapidozym, Berlin, 
Germany). The amplification program consisted of the following steps i) initial denaturation 
at 95° C for 2 min, ii) 35 cycles of 95°C for 30 sec, 60°C for 45 sec and 72°C for 1 min and 
iii) a final elongation at 72 °C for 7 min. 
For labelling with DIG, PCR products were purified with the Wizard SV Gel and 
PCR Clean-Up System (Promega, Mannheim, Germany). The DIG labelling of the purified 
PCR product was carried out with the PCR DIG probe synthesis kit (Roche, Mannheim, 
Germany). For product size confirmation and yield estimation 10 \x\ of the PCR products 
were loaded onto 1.5% agarose gels, submitted to electrophoresis for 3 h at 60 V and stained 
With ethidium bromide. 
Dot Blot 
Dot blots of the amplified PCR products were also carried out according to the DIG 
System User's Guide for Filter Hybridisation (Roche, Mannheim, Germany). 20 [il of PCR 
product was boiled for 10 min and then 1 |il of each PCR product was dotted on a Hybond-
N^ membrane (Roche, Mannheim, Germany). DNA was fixed to the membrane by baking at 
120°C for 30 min. For hybridisation of the dot blot, a DIG-labelled DNA probe specific for 
trfA2 (241 bp) and IncP oriT (110 bp), IncWonT, IncNrep, IncQoriV , IncQoriT and 
pMV158 oriT was used, respectively. 
The chemiluminescent detection of the DIG labelled DNA hybrids was performed 
with the DIG Luminescent Detection Kit (Roche, Mannheim, Germany) and CSPD (3-(4-
by 
methoxyspiro{ l,2-dioxetane-3,2'-(5'-chloro)tricyclo[3.3.3.!.^'^]decan}-4-yl)phenyl 
phosphate. The membrane was exposed to a high performance chemiluminescence film 
(Amersham Biosciences, Freiburg, Gennany) and the X-ray film was developed. 
Results 
A total of 50 bacterial isolates from the wastewater and 75 bacterial isolates from soil 
of Ghaziabad were isolated. All these bacterial isolates were tested for their resistance against 
different metal ions that is Ny\ Cd"\ Cu-^ Zn"', Pb^', and Ilg^^. Bacteria isolated from 
wastewater exhibited a maximum ivIIC of 200 |ig/mi for Hg"", 800 (ig/ml for Cd"^ ^ and Ni'^ ,^ 
1600 ^g/ml for Cu^^ and Zn^\ and 6400 ^g/ml for Pb^ "" (Table 3). While bacteria isolated 
from soil exhibited a maximum MIC of 100 |ag/ml for Hg^ "^ , 400 \ig/m\ for Zn^ "^ , 800 |ag/ml 
for Cd^\ Cu^ "" and Ni^^, and 1600 jig/ml for Pb^^ (Table 6). 
All the above bacterial isolates were also tested for their resistance against different 
antibiotics. The percentage of antibiotic resistant bacterial isolates from wastewater are 
shown in table 4 and 5. A high level of resistance against doxycycline (58%), tetracycline 
and ampicillin (44%), co-trimoxazole and nalidixic acid (40%) was observed. A majority of 
the isolates were resistant to multiple antibiotics. Eighteen percent of the isolates were 
resistant to three different antibiotics in four different combinations. Ten percent of the 
isolates were resistant to four different antibiotics in four different combinations. 6% of the 
isolates were resistant to six antibiotics in two combinations (Table 5). 
The bacterial isolates from soil also show a high level of resistance against ampicillin 
(72%)), doxycycline (54%)), nalidixic acid (50%), co-trimoxazole (42%)) and tetracycline 
(41%o) (Table 7). Majority of the isolates were resistant to multiple antibiotics. Ihirteen 
percent of the isolates were resistant to three different antibiotics in five different 
combinations. Twelve and nine percent isolates were resistant to four and five antibiotics in 
five different combinations respectively. Fourteen percent of the isolates were resistant to six 
antibiotics in seven different combinations (Table 8). 
All the bacterial isolates were also screened for their plasmid DNA. The plasmid 
DNA was isolated using alkaline lysis method for Gram negative bacteria and Qiagen 
miniprep kit. It was found that bacterial isolates WWl, WW2, WW14, WW26, WW30, 
WW40, and WW48 from Ghaziabad wastewater harbour one or more plasmids (Figure I). 
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The bacterial isolates from soil WSL WS 2, WS3, WS5. WSIO. WSIL and WWl also 
harbor one or more plasmid as isolated bj' mini prep Qiagen kit (Figure 2). 
Twenty two multiple antibiotic resistant bacterial isolates were also tested for the 
presence of the antibiotic resistance genes, ampC, ermB, ermD, erniG. mecA, tetO, tetM, 
vanA, vanB, the transfer genes, orfS, orp, orflO (all three encoded by pIPSOl), and traG, 
traK, and the relaxase encoded by the Staphylococcus plasmid pSK41. Four isolates (WS34, 
WS36, WS39 and WS40) were positive for mecA, (Table 9, Figure 3) and all the isolates 
tested from Ghaziabad were positive for ermB, and re/'M (Table 9, Figure 4) and two isolates 
WS36 and WW26 were positive for vanB (Table 9 and Figure 3). However, all the bacterial 
isolates were found to be negative to transfer genes orfS, orfl, orflO, traG and traK. 
The DNA derived from twelve multiple metal and antibiotic resistant E. coli and 
Pseudomonas isolates was also PCR amplified with Inc-specific primers and plasmid-
specific sequences (IncP, IncN, IncW, IncQ and pMV158-type) were analysed by dot blot 
hybridisation. PCR amplifications with two sets of primers for IncP specific sequences (JrfA2 
and oriT), IncQ {oriT and oriV) and one set of primers for IncN (rep), IncW {oriT) and 
pMV158-type rolling circle plasmids (oriT) were performed with DNA from the twelve 
different isolates. All the samples gave PCR products with trfA2 and oriT primers of the IncP 
group (Table 10). These PCR products also hybridized with the RP4-derived probes for (rfA2 
and oriT (Figure 5 and 6). However, the isolates were negative for all the other investigated 
plasmids as proved by PCR and dot blots (data not shown). Only plasmids belonging to the 
IncP group were detected in all the tested bacterial isolates. 
Discussion 
Out of the 125 bacterial isolates from wastewater (50) and soil (75) tested for their 
resistance to different metal ions, majority of the isolates displayed high resistance to most of 
the metals tested (Ni, Cu, Zn and Pb). Thirty four isolates from wastewater showed high MIC 
value to Cd, while 28 isolates showed high value of MIC for Hg. Sixty seven isolates from 
soil showed high value of MIC for Cd and 16 isolates showed high value of MIC for Hg. The 
resistance in these bacterial isolates could be due to irrigation of the agricultural soil with 
wastewater. Bacteria sampled along a gradient of metal contamination were more resistant to 
metals and antibiotics compared to bacteria from a reference site (Wright et al, 2006). Malik 
et al. (2002) found that 77.1% of the isolates from Aligarh agricultural soil treated with 
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wastewater were resistant to Ni, 71.4% to Cr, 65.7% to Cd, 54.2% to Zn, 45.7% to Ciu and 
25.7% to Hg. These Findings are in support of the results of the present study showing high 
metal resistance in bacterial isolates from agricultural soil irrigated with wastewater. Murtaza 
et al. (2002) found that out of 80 isolates of E. coli, collected from five geographically 
distinct regions of India, out of which four were polluted with domestic and industrial 
effluent and one was an uncontaminated area, 68 were resistant to at least one of the heavy 
metals, Cd, Co, Cu, Fe, Pb, Zn. 
The resulis of metal resistance in soil bacteria was in agreement with those of earlier 
workers (Trevors et al., 1985; Gachhui et al., 1989; Malik and Jaiswal 2000; Aleem et al., 
2003). Gachhui and coworkers (1989) isolated 43 mercury resistant aerobic bacteria from 
different agricultural fields of West Bengal (India), out of which 25.5%) tolerated up to 271.5 
|j.g/ml concentration of HgCl2. Malik et al. (2002) isolated bacterial strains from industrial 
soil and reported maximum MIC of 100 (ig/ml for Hg and MIC values upto 2400 |i.g/ml for 
the other metals (Cu^ ,^ Cd^ "", Zn^^ Ni^^ Pb^\ Cr^ "" and Cr^^). 
Abou-Shanab et al. (2007) tested forty six bacterial isolates for their ability to 
tolerate arsenate, cadmium, chromium, zinc, mercury, lead, cobalt, copper, and nickel in their 
growth medium. A large number of the cultures were resistant to Ni (100%)), Pb (100%)), Zn 
(100%), Cu (98%), and Co (93%). However, 82, 71, 58 and 47% were sensitive to As, Hg, 
Cd and Cr(VI), respectively. Matyar et al. (2008) studied the resistance of 236 Gram-
negative bacterial isolates (49 from seawater, 90 from sediment and 97 from shrimp) to 16 
different antibiotics, and to 5 heavy metals, respectively. Most isolates showed tolerance to 
different concentrations of heavy metals, and minimal inhibition concentrations ranged from 
12.5 |ig/ml to > 3200 fag/ml. The bacteria from seawater, sediment and shrimp showed high 
resistance to cadmium of 69.4%, 88.9%), and 81.1%) respectively, and low resistance to 
manganese of 2%, 6.1% and 11.3%) respectively. The seawater and sediment isolates which 
were metal resistant also showed a high resistance to three antibiotics: streptomycin, 
ampicillin and trimethoprim-sulphamethoxazole. In contrast, the shrimp isolates which were 
metal resistant were resistant to four antibiotics: cefazolin, nitrofurantoin, cefuroxime and 
ampicillin. 
The bacterial strains isolated from agricultural soil receiving wastewater showed high 
metal and antibiotic resistance. Our results are in agreement with those of earlier works 
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(Trevors et al.. 1985; Gachhui et ai, 1989; Malik and Jaiswal 2000; Aleem et ai, 2003). 
Shafiani and Malik (2003) isolated 64 bacteria (40 Pseudomonas spp., 12 Azotobacter and 12 
Rhizobium spp.) from wastewater irrigated soil. They tested all the isolates for their antibiotic 
susceptibility against different antibiotics i.e., nalidixic acid, cloxacillin, chloramphenicol, 
tetracycline, amoxycillin, methicillin and doxycycline and reported that 100% of the 
Pseudomonas isolates were resistant to cloxacillin and 57.7% to methicillin. 7.5% of the 
isolates exhibited multiple resistance to 5 different antibiotics in 3 different combinations, 
whereas 25% of the isolates showed multiple resistance to 4 antibiotics in 7 different 
combinations. Metal contamination directly selects for metal resistant bacteria, while co-
selecting for antibiotic resistant bacteria (Wright et al., 2006). In soil and water, multiple 
antibiotic resistance is clearly associated with resistance to heavy metals. Heavy metals and 
drugs are environmental factors derived from human pollution which exert a selective 
pressure for the development of resistant bacterial populations (Lazar et al., 2002). 
The occurrence and spread of antibiotic resistant bacteria is a pressing public health 
problem worldwide and aquatic ecosystems are a recognized reservoir for antibiotic resistant 
bacteria (ARB). Xi et al. (2009) used culture-dependent methods and quantitative molecular 
techrfiques to detect and quantify ARB and antibiotic resistance genes (ARGs) in source 
waters, drinking water treatment plants and tap water from several cities in Michigan and 
Ohio. They found ARGs and heterotrophic ARB in all finished water and tap water tested, 
although in small amounts. 
The clearest consequence of antibiotic release in natural environments is the selection 
of resistant bacteria. The same resistance genes found at clinical settings are currently 
disseminated among pristine ecosystems without any record of antibiotic contamination. 
Nevertheless, the effect of antibiotics on the biosphere is wider than this and can impact the 
structure and activity of environmental microbiota (Martinez 2009). The use of antibiotics 
may accelerate the development of antibiotic resistance genes (ARGs) and bacteria which 
shade health risks to humans and animals. The emergence of ARGs in the water environment 
is becoming an increasing worldwide concern. Hundreds of various ARGs encoding 
resistance to a broad range of antibiotics have been found in microorganisms distributed not 
only in hospital wastewaters and animal production wastewaters, but also in sewage, 
wastewater treatment plants, surface water, groundwater, and even in drinking water (Zhang 
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el a/., 2009a). Zhang el al. (2009b) reported that among the tested 14 tetracycline resistance 
(Jet) genes, nine genes encompassing efflux pumps (letA, letC, teiE, and leiG), ribosomal 
protection proteins (telM, tetO, telQ, and tetS), and enzymatic modification (telX) were 
commonly detected in the STP sludge samples, whereas five genes encompassing efflux 
pumps [teiB, telD, telL, telK, and tetA(P)] were not detected in any sludge sample. 
Additionally, 109 lactose-fermenting Enterobacteriaceae (LFE) strains were isolated from the 
activated sludge of the Shatin STP. Tetracycline-resistant (TR) LFE accounted for 32% of 
the total 109 LFE strains. The occurrence frequencies oitet genes among all TR-LEF strains 
varied from 0 to 91%, i.e., tetC (91%), tetA (46%), tetE (9%), tetG (6%), and tetD (6%). 
Bockelmann et al. (2009) found tetO and ermB frequently in the reclaimed water from 
Sabadell (Spain) and Nardo (Italy). mecA was detected only once in the reclaimed water from 
Sabadeli. 
Test sampling sites are contaminated with various inorganic and organic pollutants 
(Fatima and Ahmad 2006; Aleem and Malik 2003). The detection of IncP trfAl and ohT 
sequences by PCR amplification and hybridisation in total DNA from bacteria of polluted 
environments has also been described by others (Gotz et al., 1996; Gstalder et al., 2003; 
Malik et al, 2008). Gotz et al. (1996) reported that 60% of the IncP plasmids from manure 
slurry gave a positive PCR result with oriT primers and 53% with trfA2 primers. The 
presence of conjugative/mobilizable IncP plasmids in our isolates indicate that these bacteria 
have gene-mobilizing capacity with implications for potential dissemination of introduced 
recombinant DNA. Plasmids from enteric bacteria and PseudomQnas belong to more than 30 
incompatibility groups. Plasmids from four of these groups (IncP, W, N, and Q) can transfer 
to and maintain themselves in both enteric bacteria and Pseudomonas. Especially IncP 
plasmids are widely distributed in Gram-negative bacteria e.g. in E. coli, Pseudomonas spp., 
Klebsiella aerogenes and Sphingomonas (Thomas 2000; Harada 2006). In contrast to IncP 
specific sequences, IncQ, IncN, IncW and pMV158-type rolling circle plasmid specific 
sequences could not be detected in bacteria isolated from wastewater irrigated Ghaziabad 
soil. 
All our isolates from wastewater irrigated agricultural soil resistant to multiple metals 
and antibiotics contain the IncP replication gene trfA2 and the IncP oriT. Therefore, all these 
isolates carrying conjugative IncP plasmids have gene mobilizing capabilities which can 
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result in the spread of multiple antibiotic and heavy metal resistance genes to the native 
bacterial soil population and to pathogens transferred to the soil by wastewater irrigation. 
Conjugative transfer of these genes helps generate multiple resistant pathogens with potential 
of being incorporated by human beings via the food chain. 
71 
Table 1. Bacteria used in the studv 
Strain 
Enterococcus faecalis 
OGIX 
Escherichia coli SCSI 
Investigated 
plasmids/ 
genes 
pMV158 
RP4 
Plasmid 
incompatibility 
group/replication 
type 
Rolling circle 
Source 
Espinosa, M., Centre de 
Investigaciones 
Biologicas, Madrid, Spain 
Laiika, E., Max-Pianck-Institut for 
Escherichia coli iM\09 pULB2432 IncN 
Escherichia coli D115a R388 IncW 
Escherichia coli JE723 pJE723 IncQ 
Enterobacter cloacae 
Enterococcus faecium 
Enterococcus faecalis 
V583 
Enterococcus faecalis 
DS16 
Staphylococcus aureus 
subsp. aureus 
Bacillus subtilis BD662 
Bacillus subtilis 
BD1156 
ampC 
vanA 
vanB 
tetM 
mecA 
ermD 
ermG 
Molekulare Genetik, Berlin, Germany 
Couturier, M., Universite Libre de 
Bruxelles, Faculte de Sciences, 
Genetique des Procaryotes, Brussels, 
Belgium 
Cruz, de la, F., Universidad de 
Cantabria, 
Departamento de Biologia Molecular, 
Santander, Spain 
Lanka, E., Max-Planck-Institut fi3r 
Molekulare Genetik, Berlin, Germany 
DSM46348 
DSM17050 
Umweltmikrobiologie, TU-Berlin, 
Germany 
Hanssen, A.M. Department for 
Microbiology and Virology, Institute ( 
Medical Biology, University of 
Tromso, Norway 
DSM13661 
DSM15332 
DSM29832 
Table 2. PCR primers used, target and PCR product size 
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Primers 
trfA2 
IncPofiT 
I n c W'^  ^  r i r 
IncNrep 
IncQor/F 
IncQor/r 
pMV158 
oriT 
ampC 
tet (0) 
tet (M) 
ermB 
ermD 
ermG 
mecA 
vanA 
vanB 
Sequence 
fw: 5 '-cgaaattcrtrtgggagaagta-3' 
rv: 5'-cgyttgcaatgcaccaggtc-3' 
fw: 5'-cagcctcgcagagcaggat-3' 
rv: 5' -cagccgggcaggataggtgaagt-3' 
rv: 5'-ccptaptPttartataotag-3' 
fw: 5 '-agttcaccacctactcgctccg-3' 
rv: 5'-caagttcttctgttgggattccg-3' 
fw: 5'-ctcccgtactaactgtcacg-3' 
rv: 5'-atcgaccgagacaggccctgc-3' 
fw: 5 '-ttcgcgctcgttgttcttcgagc-3' 
rv: 5'-gccgttaggccagtttctcg-3' 
fw: 5'-ctacctgtcccttgctgat-3' 
rv: 5'-gcagtgccgaccaaaacc-3' 
fw: 5'-gtgaccagatactggccaca-3' 
rv: 5'-ttactgtagcgcctcgagga-3' 
fw: 5'-ggattgcatacaggcacaga-3' 
rv: 5'-gtttggatcatagggagaggat-3' 
fw: 5'-gaactcgaacaagaggaaagc-3' 
rv: 5'-atggaagcccagaaaggat-3' 
fvv: 5'-gcatttaacgacgaaactggct-3' 
rv: 3'-gacaatacttgctcataagtaatggt-3' 
fw: 5'-cgggcaaatattagcatagacg-3' 
rv: 3'-attctgaccattgccgagtc-3' 
fw: 5'-tgcagggaaaggtcattttac-3' 
rv: 3 '-aacccatttcattacaaaagtttc-3' 
fw: 5'-taatagttgtagttgtcgggtttg-3' 
rv: 5 '-taacctaatagatgtgaagtcgct-3' 
fw: 5'-gaaatcaaccatgttgatgtagca-3' 
rv: 5'-ttgccggtttcctgtatccgt-3' 
fw: 5'-cccgaa tttcaaatgattgaaaa-3' 
rv: 5 '- cgccatcctcctgcaaaa -3 ' 
Annealing 
temp, C'C) 
57 
57 
r 1 
55 
57 
57 
55 
60 
60 
60 
60 
55 
55 
60 
60 
Target 
site/gene 
Replication 
protein 
origin of 
transfer 
origin of 
replication 
protein 
origin of 
replication 
origin of 
transfer 
origin of 
transfer 
ampicillin 
resistance 
tetracycline 
resistance 
tetracycline 
resistance 
erythromycin 
resistance 
erythromycin 
resistance 
erythromycin 
resistance 
methicillin 
resistance 
vancomycin 
resistance 
vancomycin 
resistance 
Product 
size (bp) 
241 
110 
317 
164 
436 
191 
142 
822 
738 
741 
573 
462 
733 
572 
457 
Reference 
Gotz et al.. 
1996 
Gotz et al., 
1996 
Ciotz et al.. 
1 rir\/' 
Gotz et al., 
1996 
Gotz et al.. 
1996 
Gotz et al.. 
1996 
Alexandrine 
2006 
Bockelmann 
et al, 2009 
Bockelmann 
et al, 2009 
Bockelmann 
et al, 2009 
Bockelmann 
etal, 2009 
Arends, K. 
(unpublished 
data) 
A ] „ T ^ 
(unpublished 
ViClLU. 1 
Bockelmann 
etal, 2QQ9 
Bockelmann 
etal, 2009 
Bockelmann 
et al, 2009 
J J 
Table 3. Minimum inhibitor^' concentration of 50 bacterial isolates from 
wastewater 
Bacterial 
isolates 
WWl 
WW2 
WW3 
yy yy ~j 
WW5 
WW6 
WW7 
WW8 
WW9 
WWIO 
WWII 
WW12 
WW13 
WW14 
WW15 
WW16 
WW17 
WW18 
WW19 
WW20 
WW21 
WW22 
WW23 
WW24 
WW25 
WW26 
WW27 
WW28 
WW29 
WW30 
WW31 
WW32 
WW33 
WW34 
WW35 
Ni 
800 
800 
800 
OAA OUVJ 
800 
800 
400 
800 
800 
800 
800 
800 
400 
400 
800 
800 
800 
400 
800 
400 
800 
800 
800 
800 
800 
800 
800 
800 
800 
800 
800 
800 
800 
800 
800 
Minimum inhibitory concentration (^g/ml) 
Cd 
100 
100 
100 
50 
100 
100 
100 
50 
100 
50 
50 
50 
100 
100 
50 
25 
50 
<25 
50 
100 
100 
<25 
<25 
<25 
400 
200 
200 
50 
800 
400 
100 
200 
100 
400 
Heavy 
Cu 
1600 
800 
800 
r\ r\ '-\ 
6UU 
1600 
800 
800 
1600 
800 
800 
800 
1600 
1600 
800 
200 
400 
400 
800 
800 
800 
800 
800 
400 
400 
800 
800 
800 
400 
800 
800 
400 
800 
400 
800 
metals 
Zn 
800 
800 
800 
800 
onn 
800 
800 
800 
400 
800 
800 
800 
800 
800 
800 
400 
1600 
200 
200 
200 
800 
100 
800 
400 
400 
1600 
1600 
1600 
400 
1600 
1600 
400 
400 
200 
1600 
Pb 
3200 
3200 
3200 
3200 
3200 
3200 
3200 
3200 
3200 
3200 
3200 
3200 
3200 
3200 
3200 
3200 
3200 
3200 
3200 
3200 
3200 
3200 
3200 
3200 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
Hg 
12 
12 
12 
12 
1 ^ 
12 
12 
100 
12 
12 
12 
12 
12 
12 
12 
6 
6 
6 
6 
12 
12 
6 
12 
12 
1 - ^ 
i z 
6 
1 AA 
6 
6 
12 
6 
6 
6 
<3 
12 
ContcC-
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WW36 
WW37 
WW38 
WW39 
WW40 
WW41 
WW42 
WW43 
WW44 
WW45 
WW46 
WW47 
WW48 
WW49 
WW50 
WWl-50: 
800 
800 
400 
800 
800 
800 
800 
800 
800 
800 
800 
800 
800 
800 
800 
isolates. 
400 
100 
800 
400 
400 
800 
200 
200 
50 
400 
200 
200 
200 
100 
200 
800 
400 
800 
800 
1600 
800 
800 
800 
400 
800 
800 
800 
1600 
400 
800 
1600 
200 
1600 
800 
OAA 
1600 
800 
400 
200 
800 
800 
800 
800 
200 
400 
6400 
6400 
6400 
6400 
otuu 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6 
6 
6 
12 
200 
T ; 
^•j 
6 
6 
<3 
12 
6 
<3 
200 
6 
6 
75 
Table 4. Percent antibiotic resistant bacterial isolates from wastewater 
Antibiotic 
Ampicillin 
Chloramphenicol 
Ciprofloxacin 
Doxvcvcline 
Gentamicin 
Kanamycin 
Nalidixic acid 
Neomycin 
Streptomycin 
Tetracycline 
Concentration 
(^g/disc) 
25 
25 
30 
Z.J 
30 
30 
30 
30 
30 
10 
30 
No. of 
isolates 
22 
9 
4 
Z.\} 
29 
6 
5 
20 
0 
7 
22 
Resistant 
isolates (%) 
44 
18 
8 
40 
12 
10 
40 
0 
14 
44 
Total no. of bacterial isolates = 50 
76 
Table 5. Antibiotic resistance pattern of the bacterial 
isolates from wastewater 
No. of 
antibiotics 
1 
2 
3 
4 
5 
6 
7 
10 
No. of resistant 
isolates (%) 
2(4) 
1(2) 
1 i"~i\ 
1 V^J 
3(6) 
1(2) 
4(8) 
3(6) 
1(2) 
1(2) 
1(2) 
2(4) 
1(2) 
1(2) 
4(8) 
1(2) 
1(2) 
2(4) 
1(2) 
1(2) 
1(2) 
Resistance Pattern 
A 
Do 
/ ~ i 
^ U 
Do, T 
Do,G 
A, Do, T 
Co, Do, Na 
G,K, S 
C, Do, T 
A, Do, Na, T 
A, Co, Do, Na 
A, C, Co, Na 
A, Co, Na, T 
A, Co, Do, Na, T 
C, Cf, Co, Do, Na 
Do, G, K, S, T 
A, C, Co, Do, Na, T 
A, Co, Do, Na, S, T 
A, C, Co, Do, Na, S, T 
A, C, Cf, Co, Do, G, K, Na, S, T 
Total no. of isolates = 50 
Ampicillin (A), chloramphenicol (C), ciprofloxacin (Cf), co-
trimoxazole (Co), doxycycline (Do), gentamicin (G), kanamycin 
(K), nalidixic acid (Na), neomycin (N), streptomycin (S) and 
tetracycline (T) 
in 
Table 6. Minimum inhibitory concentration of 75 bacterial isolates from 
soil irrigated with wastewater 
Bacteria! 
isolates 
WSl 
WS2 
WS3 
WS4 
WS5 
WS6 
WS7 
WS8 
WS9 
WSIO 
WSll 
WS12 
WS13 
WS14 
WS15 
WS16 
WS17 
WS18 
WSl 9 
WS20 
WS21 
WS22 
WS23 
WS24 
WS25 
WS26 
WS27 
WS28 
WS29 
WS30 
WS31 
WS32 
WS33 
WS34 
WS35 
Ni 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
200 
400 
400 
400 
400 
400 
400 
400 
400 
200 
400 
400 
200 
800 
200 
200 
Minimum inhibitory 
Cd 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
25 
200 
25 
200 
25 
200 
200 
50 
200 
200 
200 
200 
200 
200 
200 
50 
50 
200 
200 
100 
200 
400 
50 
Heavy 
Cu 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
200 
400 
200 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
200 
200 
200 
200 
200 
400 
400 
400 
concentration ([ig/ml 
metals 
Zn 
400 
200 
200 
400 
400 
200 
200 
200 
200 
200 
200 
400 
200 
200 
200 
200 
200 
200 
200 
200 
400 
400 
400 
200 
200 
200 
200 
400 
200 
400 
200 
200 
400 
400 
400 
Pb 
800 
1600 
1600 
1600 
800 
800 
1600 
1600 
800 
800 
800 
800 
800 
800 
800 
800 
800 
800 
800 
800 
800 
800 
800 
800 
800 
800 
800 
800 
800 
1600 
800 
800 
800 
1600 
800 
) 
Hg 
32 
2 
2 
4 
16 
2 
2 
4 
4 
4 
32 
2 
2 
4 
2 
32 
2 
4 
4 
2 
4 
8 
4 
4 
4 
4 
4 
8 
16 
16 
4 
4 
8 
16 
4 
„ c V 
- /, V 
Contcf.. 
78 
WS36 
WS37 
WS38 
WS39 
WS40 
WS41 
WS42 
WS43 
WS45 
WS46 
WS47 
WS48 
WS49 
WS50 
WS51 
WS52 
WS53 
WS54 
WS55 
WS56 
WS57 
WS58 
WS59 
WS60 
WS61 
WS62 
WS63 
W O U H 
WS65 
WS66 
WS67 
WS68 
WS69 
WS70 
WS71 
WS72 
WS73 
WS74 
WS75 
400 
400 
200 
400 
400 
100 
400 
400 
Qf\n 
50 
200 
200 
200 
400 
800 
200 
800 
400 
800 
400 
800 
400 
200 
400 
800 
200 
400 
200 
A A n 
400 
400 
200 
800 
400 
200 
800 
400 
200 
400 
100 
200 
50 
100 
100 
100 
50 
200 
/lAA 
400 
200 
100 
100 
400 
400 
50 
100 
100 
100 
200 
100 
50 
200 
50 
100 
50 
50 
200 
100 
200 
25 
100 
50 
100 
100 
800 
100 
100 
400 
400 
400 
400 
400 
50 
200 
200 
•1 A n 
100 
200 
200 
400 
50 
400 
200 
200 
100 
200 
200 
200 
200 
800 
200 
400 
200 
200 
200 
zuu 
400 
O A A 
400 
400 
200 
400 
800 
400 
800 
800 
400 
400 
400 
400 
200 
200 
200 
400 
200 
T A A 
400 
200 
200 
200 
400 
400 
200 
400 
200 
200 
400 
200 
200 
400 
200 
400 
200 
200 
200 
zuu 
400 
O A A 
400 
400 
400 
200 
200 
400 
200 
200 
200 
800 
800 
800 
800 
800 
800 
800 
800 
onr\ 
OUU 
400 
800 
800 
800 
1600 
1600 
400 
800 
800 
1600 
1600 
1600 
800 
800 
100 
800 
800 
800 
800 
800 
800 
1 A A 
IKJKJ 
800 
800 
800 
800 
800 
800 
800 
800 
800 
8 
16 
8 
4 
4 
4 
4 
8 
o 
0 
8 
8 
100 
8 
16 
16 
4 
4 
8 
16 
16 
16 
4 
8 
100 
4 
4 
4 
8 
4 
8 
A 
8 
4 
100 
4 
8 
8 
8 
4 
4 
WSl-75: isolates 
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1 able 7. Percent antibiotic resistant bacterial isolates from soil 
Antibiotic 
Ampicillin 
Chloramphenicol 
Ciprofloxacin 
Co-trimoxazole 
Doxycycline 
Gentamicin 
Kanamycin 
Nalidixic acid 
Neomycin 
Streptomycin 
Tetracycline 
Concentration 
(^g/disc) 
25 
25 
in 
25 
30 
30 
30 
30 
30 
10 
30 
No. of 
isolates 
54 
27 
lU 
11 
41 
1 
6 
38 
0 
19 
31 
Resistant 
isolates (%) 
72 
36 
13.3 
/to n 
54.7 
1.3 
8 
50.7 
0 
25.3 
41.3 
Total no. of bacterial isolates = 75 
80 
Table 8. Antibiotic resistance pattern of the bacterial 
isolates from soil irrigated with wastewater 
No. of 
antibiotics 
1 
1 
3 
4 
5 
6 
7 
8 
9 
No. of resistant 
isolates (%) 
8(10.7) 
1 (1.3) 
1(1.3) 
0 /o ^^  
4 (5.3) 
1 (1.3) 
10(13.5) 
1 (1.3) 
2 (2.7) 
2 (2.7) 
1 (1.3) 
1(1.3) 
4 (5.3) 
2 (2.7) 
2 (2.7) 
1 (1.3) 
3 (4.0) 
1(1.3) 
1(1.3) 
2 (2.7) 
2 (2.7) 
1(1.3) 
1 (1.3) 
1(1.3) 
1(1.3) 
3 (4.0) 
3 (4.0) 
1(1.3) 
1 (1,3) 
1(1.3) 
1 (1.3) 
2 (2.7) 
3 (4.0) 
1 (2.7) 
1 (2.7) 
Resistance Pattern 
A 
T 
Na 
A Mo 
A,T 
Do, T 
Na, S 
A, Co, Do 
A, C, Co 
A, Cf, K 
Do, Na, T 
Do, S, T 
A, C, Co, Na 
A, Co, Do, T 
A, Co, K, Na 
A, Co, Do, Na 
Do, Na, S, T 
A, C, Co, Na, T 
A, C, Do, Na, T 
A, Co, Do, Na, T 
A, C, Co, Do, Na 
A, Cf, Co, Do, S 
A, C, Co, Cf, Na, T 
A, C, Co, K, Na, T 
A, C, Co, Do, Na, T 
A, C, Co. Na, S, T 
A, C, Do, Na, S, T 
A, Cf, Co, Do, Na, S 
A, Cf, Co, Do, G, Na 
A, C, Co, K, Na, S, T 
A, C, Co, Do, Na, S, T 
A, C, Cf, Co, Do, Na, S, T 
A, C, Cf, Co, Do, K, S, T 
A, C, Cf, Co, Do, K, Na, S, T 
Total no. of isolates = 75 
Ampicillin (A), chloramphenicol (C), ciprofloxacin (Cf), co-
trimoxazole (Co), doxycycline (Do), gentamicin (G), 
kanamycin (K), nalidixic acid (Na), neomycin (N), 
streptomycin (S) and tetracycline (T) 
u 
u 
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1 2 3 4 5 6 7 8 9 10 11 12 13 
21.2 kb 
Figure 1. Agarose gel electrophoretic profiles of plasmid DNA isolated from 
wastewater bacterial isolates (WWl, WW2, WW8, WW 10, WW 14, WW26, 
WW30, WW40, WW41, WW48) in lane 2, 3, 5, 6, 7, 9, 10, 11, 12 and 13 
respectively, lane 1 and 8: A, DNA digested with EcoRl and HindlU 
1 2 3 4 5 6 7 8 9 
21.2 kb 
Figure 2. Agarose gel electrophoretic profiles of plasmid DNA isolated from 
bacteria from soil and water (WSl, WS2, WS3, WS5, WSIO, WSl 1, and WWl) in 
lane 2, 3, 4, 5, 6, 7 and 9), lane 1: k DNA digested with EcoRI and Hind III 
84 
7 8 9 10 11 
457 bp 
733 bp 
Figure 3. PCR amplification of antibiotic resistance genes; vanB in bacterial isolates 
WW26, WS36 in lane 1 and 2, negative and positive control (E.faecalis V583) in lane 3 
and 4. Lane 5 have Ikb DNA ladder; and mecA positive control {Staphylococcus aureus) 
and negative control in lane 6-7; bacterial isolates WS34, WS36, WS39 and WS40 in 
lanes 8-11 respectively on 1% agarose gel. 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 
741bp 
Figure 4. PCR amplification of tetM in bacterial isolates from wastewater and soil; Lane 1; 
1 kb DNA ladder. Positive control {E.faecalis DS16) and negative control in lane 2 and 3; 
isolates WSl, WS2, WS3, WS5, WSIO, WSll , WWl, WW2, WW8, WWIO, WW14, 
WS30, WS32, WS34, WS36, WS39, WS40, WW26, WW30, WW40, WW41, WW48 are 
present in lane 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24 and 
25 respectively on 1% agarose gel. 
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9 10 11 12 13 
Figure 5. Dot blot of IncP trfA2 PCR product from multiple metal and antibiotic 
resistant bacterial isolates; spot 1, positive control (PCR product from E. coli SCSI 
(RP4), spot 2, negative control (no DNA), spots 3-13, DNA from isolates WS23, 
WS24, WS25, WS27, WS30, WS32, WS33, WS34, WS35, WS36 and WSll , 
respectively. 
3 
% 
• • • # • • 
6 7 8 9 10 11 
Figure 6. Dot blot of IncP oriT PCR product from multiple metal and antibiotic 
resistant bacterial isolates; spot 1, positive control (PCR product from E. coli SCSI 
(RP4), spot 2, negative control (no DNA), spots 3-11 DNA from isolates WS23, 
WS24, WS25, WS27, WS30, WS32, WS33, WS34, and WS35, respectively. 
Chapter V: Biosorption of 
nickel and cadmium by metal 
resistant bacteria 
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Introduction 
Often raw sewage is used either directly to irrigate agricultural land as a supplement 
of essential plant nutrients, or disposed into fresh water streams, which again can be used for 
agricultural purposes (Kansal 1994). Although this treatment generally increases crop 
production it results in the accumulation of toxic substances in soil and in the crop as sewage 
is usually contaminated with pollutants such as heavy metals and polychlorinated substances 
from domestic and industrial wastes that enter into the sewer s'^ 'stem. (Bansa! 1998; Aleem at 
Industrial and agricultural activities have led to a substantial release of toxic heavy 
metals in the environment, which can constitute a major hazard for the ecosystem and human 
health (Nriagu and Pacyna 1988). The large-scale production of a variety of chemical 
compounds, however, has caused a global deterioration of environmental quality (Iwamoto 
and Nasu 2001). Contamination of soils, groundwater, sediments, surface water and air with 
hazardous and toxic chemicals are serious problems, which have been faced by the world 
(Boopathy 2000). 
A variety of mechanisms exist for the removal of heavy metals from aqueous solution 
by bacteria, fungi, algae, mosses, macrophytes and higher plants (Holan and Volesky 1994; 
Leusch et al., 1995; Knauer et ai, 1997). Of the different techniques employed for metal 
removal from multi-elemental system, biosorption has been found to be highly selective 
depending on the typical binding profile of the biosorbents (Knauer et al., 1997). 
The need for a cost-effective process and a safe method for removing heavy metals 
from discharging effuents has resulted in the search for other unconventional materials such 
as organic or inorganic sorbents (Allen and Brown 1995). The use of microbial biomass of 
fungi (Kapoor et al., 1999), algae and bacteria (Chang et al., 1997) for removal of heavy 
metals from aqueous solutions is gaining increasing attention. It has been found that both 
living and dead microbial cells adsorb metal ions. Microbial biomass can bind heavy metals 
either actively, or passively or by a combination of both processes (Costa and Leite 1990). 
The passive phenomenon of biosorption has several advantages over the active phenomenon 
of bioaccumulation. A major disadvantage of bioaccumulation is recovery of the 
accumulated metal by destructive means whereas in biosorption desorption is accomplished 
by simple physical methods without damaging the biosorbent's structural integrity (Kuyucak 
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and Volesky 1988), Moreover biosoiption has an edge over bioaccumulation with an easy 
and cost-effective procurement of the biomass either as a by-product of large-scale 
fermentation process or bulk procurement from natural water bodies (Volesky 1990; Kang et 
al., 2005). It was proposed that functional groups on the cell surface contributed to the 
binding of metal ions by a biosorbent via equilibrium reaction (Chojnacka et al.. 2005). 
The aim of the present study was to isolate and characterize bacteria from wastewater 
irrigated soil for their metal resistance and biosorption potential in terms of Ni and Cd both in 
smgiC anu ui-metai systems. 
Materials and methods 
16S rDNA sequencing 
Each isolate was grown in luria broth and cell lysate was made for PCR. 16S rDNA 
fragment was amplified with the forward primer 63f (5'-CAG GCC TAA CAC ATG CAA 
GTC-3') and reverse primer 1387r (5'-GGG CGG WGT GTA CAA GGC-3') (Lane 1991). 
Cycling parameters included initial denaturation for 1 min at 98°C; 35 cycles of 45 sec at 
96°C, 1 min at 55°C and 3 min at 72°C and final elongation for 10 min at 72°C. Amplified 
products were sequenced by Macrogen Incorporation, Seoul, South Korea. 
Sequence analysis 
The 16S rDNA sequences were compared with those available in the BIBI Database 
(http://pbil.univ-lyonl.fr/bibi/). BIBI is a web tool combining a blast research, alignment 
with CLUSTAL W and phylogeny analysis with the neighbour joining method (Devulder et 
al., 2003). The combination of these well-known tools in an automated program facilitates 
the bacterial identification process (Clarridge 2004; Raoult et al., 2004). 
Metals Solutions 
Cadmium and Nickel solutions were prepared by using analytical grade cadmium 
chloride (CdCb), Nickel chloride (NiCl2.6H20). Stock solution of 100 mg/1 was prepared 
with Milli Q water. Solutions of varying concentrations were prepared by diluting the stock 
solution with Milli-Q water. The freshly diluted solutions were used for each biosorption 
study. 
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Metal biosorption by bacterial isolates 
Metal Biosorption by bacterial isolates was done according to the procedure of 
Hernandez et al. (1998) with some modifications, Microorganisms were cultured overnight 
on Luria-Bertani agar plates without metals. Confluent bacterial lawns were collected and 
suspended in phosphate-buffered saline, and alic]uots were divided into 1 ml samples; and 
pelleted by centrifugation at 10,000 rpm. The samples v/ere re-suspended in 50, 100, 200 and 
400 ug/ml of nickel chloride and cadmium_ chloride in sterile Milli-Q water. 1 he samples 
were incubated at room temperature for 2, 4 and 6 h. The cells were harvested again by 
centrifugation under the same condition. The amount of residual metal present in the 
supernatant was measured by atomic absorption spectrophotometry (Model: GBC, 932 plus, 
Australia). 
Kinetics of biosorption 
The metal sorption data were analyzed using the Freundlich equation. 
Q = KtCf"" 
LogQ = logKf+l/nlogCf 
Where Q is the cadmium ion concentration adsorbed in mg/g dry weight. Cf is the 
equilibrium concentration in solution, Kf is an empirical constant that provides indication of 
the adsorption capacity of the cell, and 1/n is an empirical constant that provides an 
indication of the intensity of adsorption. 
Results 
The 16S rDNA sequences of the bacterial isolates (WSl 1, WS30, WW8, and WW41) 
were compared with those available in the BIBI Database. From the results obtained by the 
website (http://umr5558-sud-strl.univ-lyonl.fr/lebibi/lebibi.cgi), four isolates were found to 
be Escherichia coli. The four isolates were named as: Escherichia coli WSll , Escherichia 
coli WS30, Escherichia coli WW8 and Escherichia coli WW41. 
To analyze the biosorption of nickel and cadmium ions, multiple metal resistant E. 
coli WSl 1, WS30, WW8, and WW41 were selected and grown on Luria-Bertani agar and 
exposed to different metal concentrations of nickel and cadmium. These four E. coli isolates 
(two each from soil, WSll, WS30 and wastewater, WW8, WW41) were used to study the 
behavior of biosorption by varying different parameters i.e. pH, time, and concentration of 
metals. In general, it was found that with increasing initial metal concentration, biosorption 
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of nickel and cadmium mcreases (Table 1-4). I'he biosorption of Ni by E. coli WSll 
increases from 24.55 to 92.92 mg/'g of cell dry \\\. and Cd from 16.30 to 82.28 mg/g of cell 
dry wt. at the concentrations ranging trom 100 to 400 (ig/ml after 2 h of incubation at pH 5 in 
the single metal solution (Table I). By increasing the incubation time no signitlcant 
difference was observed in the biosorption of metals. Nickel biosorption by the isolates 
WW8,, WW41, and WS30 was 20.12. 21.52, and 23.39 mg/g of cell dry wt. at 100 [.tg/ml Ni 
concentration at pH 5 after 2 h of incubation^ while the C(.\ was 10.76, 21.91. and 23.39 mg/g 
of Cell dry wt. respectively under the same experimental conditions. Biosorption ot Ni at 400 
|ig/ml initial metal concentration increased to 85.86, 78.82, and 96.21m mg/g of cell dry wt. 
at pH 5 after 2 h incubation for the isolates WW8, WW41 and WS30 respectively (Tables 2-
4). Present findings revealed that biosorption by E. coli isolates increases as the initial metal 
concentration of nickel and cadmium in the reaction mixture increases. However, biosorption 
of Ni at 100 M-g/ml initial metal concentration in the bi-metal (Ni + Cd) solution decreases 
from 24.55 to 14.07 mg/g of cell dry w1., but at 400 i^ g/ml metal concentration, it increases 
from 92.92 to 97.49 mg/g of cell dry wt. by E. coli WSll, while cadmium at 100 |ag/ml 
metal concentration decreases from 16.30 to 8.36 mg/g of cell dry wt. and from 82.28 to 
67.90 mg/g of cell dry wt. at 400 |ag/ml initial metal concentration. Nickel biosorption for the 
isolates WW8, WW41 and WS30 at the concentration of 100 )ag/ml after 2 h of incubation 
and at pH 5 was 23.51, 26.33, and 8.48 mg/g of cell dry wt. respectively, while for Cd it was 
10.22, 5.33, and 11.46 mg/g dry wt. of cell after 2 h at pH 5 by WW8, WW41 and WS30 in 
bi-metal system respectively. Moreover, biosorption of Ni (400 |ag/ml) after 2 h of incubation 
was 92.80, 105.21 and 67.32 mg/g of cell dry wt. in bi-metal system in the E. coli WW8, 
WW41 and WS30 respectively. 
The biosorption of cadmium in bi-metal solution was lower in comparison to the 
single metal system. Nickel biosorption by the isolates WW8 and WW41 (both from 
wastewater) was higher in bi-metal system as compared to the single metal solution. To 
determine the biosorption behaviour of nickel and cadmium on the cells, Freundlich 
isotherms for the adsorption were plotted. The Freundlich constants (A'f and \ln) along with 
correlation coefficients (R^) were calculated from the Freundlich adsorption isotherm for the 
biosorption of nickel and cadmium. Freundlich constants (Kf and 1/n) and the correlation 
coefficients of the isolates E. coli WSl 1, WS30, WW8, and WW41 are shown in Tables 5-8. 
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The Kf (binding capacity) values of E. coli WSl L WW8, WW41 and WS30 in the single 
metal system after 2 h and at pH 5 were 6.66, 0.28. 0.52 and 2.12 and the Kf value in bi-metal 
solution were 9.26 x 10'^ , 11.42, 30.37 and 0.05 for nickel respectively. The binding capacity 
(Kf) of £. coli WSll, WW8, WW41 and WS30 in the single metal system at pH 5 alter 2 h 
of incubation were 0.06, 0.01, 0.59 and 93.62 and the Kf value in the bi-metal system were 
6.29 X 10'\ 7.43 x 10\ 1.79 x lO"' and 6.82 x lO"' for cadmium respectively (Tables 7-10). 
The data obtained show that the E. coU W,S11 has a higher binding capacity (A'c) to nickel in 
single metal solution than other bacterial isolates, while it has lower binding capacity for 
cadmium. 
Discussion 
The biosorption of nickel and cadmium by the E. coli isolates (WSl 1, WW8, WW41 
and WS30) showed an increase in biosorption with increasing concentration of metal (Tables 
1-4). Present findings are in accordance with those of Watanabe et al. (2003a). They reported 
that the biosorption of Cd by Rhodovulum sp. and Rhodobacter sphaeroides increases as the 
concentration increases from 5 to 20 mg/1 and also reported that maximum biosorption 
occurs in 2 h (for all concentrations tested), after which there is only a slight increase in 
biosorption. Present study suggested that each concentration had specific equilibrium, after 
which there was no significant effect on biosorption by increasing the time of incubation. 
Pradhan and Rai (2001) also demonstrated that the biosorption of Cu, Zn and Cd by 
Microcystis sp. increased with increasing metal concentrations. As the initial metal ion 
concentration increases, the metal uptake (defined as the mass of metal ion over the mass of 
sorbent) increased as well and it is true for all the metal ions and for the range of 
concentrations used. Hanif et al. (2007) explained this behaviour by the fact that surface 
saturation was dependent on the initial metal ion concentration. At low concentrations, the 
available adsorption sites are more easily occupied, and at higher concentrations, the metal 
ions have to diffuse into the biomass surface by intra-particle diffusion and this process is 
slow. 
Present results also indicated that in the single metal solution, the biosorption of Ni 
was comparatively more than that of Cd by the bacterial strains. The reason could be the 
smaller ionic radius of Ni (0.69A) compared to Cd (0.96A) might be responsible for its 
higher biosorption by the organisms. Tobin et al. (1984) demonstrated that molecules having 
smaller ionic radius were more quickly sorbed onto a fixed area of sorbent. Ionic radius 
based higher biosorption ofNi followed by Cd corroborated well with the findings of Cho et 
al. (1994) and Pradhan and Rai (2001). The preference of a sorbent for a metal may be 
explained on the basis of electronegativity of the metal ions; Ni, 1.8 Pauling (Pradhan et al, 
2007); and Cd, 1.69 Pauling (Shavvabkeh et al, 2004), molecular weight (Cd, 112.4 u; and 
Ni, 58.7 u), ionic radius (Cd, 0.96 A; and Ni, 0.69A) and with the cation/anion state. Nickel 
ion has high electronegativity, low atomic weight and lower ionic radius. These are suitable 
characteristics for entrapment by a biosorbent (Quintelas et al., 2009). 
We found that biosorption increases as the pH increases, and our results are in 
accordance to earlier workers (Yan and Viraraghavan 2003; Vanessa et al., 2007; Krishnani 
et al., 2008) who also reported an increase in biosorption with increase in pH. The pH of the 
solution is considered one of the most important environmental factors affecting the 
biosorption process. The pH affects not only the solution chemistry of the metals but also the 
ionization state of the functional groups like carboxylate, phosphate, imidazole, and amino 
groups of the cell wall (Sag and Kutsal 1995; Ozdemir et al., 2005; Elmaci et al., 2007). At 
low pH values these groups retain their protons hence reducing the possibility to bind any 
positively charged ions. On the other hand, at high pH vakies, the carboxyl groups are 
deprotonated and become negatively charged, which attract positively charged metal ions. In 
this way, the metal binding to the biomass is a mechanism involving electrostatic interaction 
between metal ions and the biomass (Leung et al., 2000). Recently Xu and Liu (2008) 
studied the mechanism of biosorption of Cd(II) and Ni(II) and concluded that the main 
contribution to the process comes from an ion exchange process, followed by extracellular 
polymers binding and chemical precipitation. 
The greatest biosorption capacity was obtained at higher pH for nickel and cadmium 
which means the sorption of metal increases with the increase of pH. Vanessa et al. (2007) 
determined that at low pH (Vilar et al., 2005), the positively charged hydrogen ions may 
compete with metal ions for binding ligands on the cell wall and this leads to fewer sites 
being available to bind metal ions. Pandey et al. (2008) studied the cadmium removing 
capacity of the biosorbent Calotropis procera, and found high uptake capacity of Cd(II). 
They further reported that adsorption was pH dependent and the maximum removal was 
obtained at two different pH values (pH 5.0 and 8.0). 
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In the bi-metallic combination (Ni and Cd). the metals showed some antagonistic 
effect. The order of inhibition of Ni and Cd biosorption in the bi-metalUc system as 
compared to the single metal species (Fables 5-8) was suggestive of screening or competition 
for binding sites on the cell surface (Ting and Teo 1994). It was postulated that the effective 
binding sites available for a single metal were reduced in the bi-metallic combination and 
depending on the equilibria between adsorption competition from the cations on to the 
biomass surface (Sag and Kutsal 199S). However, the trend was sim.ilar with respect to 
biosorption by increasing the initial metal couceutiation as in the single metal system. The 
biosorption of cadmium was slightly higher than that of nickel when both the metals were 
present in the solution. Puranik and Paknikar (1999) reported that when Citrohacter biomass 
was exposed to multimetal solutions, metals were adsorbed in the following order; Co < Ni < 
Cd < Cu < Zn < Pb. A higher value of cadmium biosorption was also obtained by Prashar et 
al. (2004), who found the order to be Pb > Cd > Cu > Ni. The high Kf value for Ni in the 
single metal solution indicated that the bacterial cell had a higher capacity for adsorption of 
Ni in the single metal system in comparison to the bi-metal system. 
The metal resistance and biosorption potential of our isolates demonstrated that these 
bacteria could be exploited in the bioremediation of Ni and Cd from wastewater and soil. The 
present study also indicated that despite the toxic stresses, these bacterial isolates (E. coli 
WSll, WW8, WW41 and WS30) had evolved resistance mechanisms to deal with metal 
toxicity, which included volatalization, extracellular precipitation and exclusion, binding to 
cell surface, and intracellular sequestration. 
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Chapter VI: Genotoxicity of 
the wastewater 
Introduction 
Water pollution is becoming a serious problem for public health in many countries. 
Water contaminants include microorganisms, eggs of parasites, the residues of insecticides, 
fungicides and herbicides, and heavy metals as well as organic compounds in industrial 
waste. Environmental mutagens may be a major risk factor for human health. Of particular 
concern are hazardous industrial wastes and effluents. Their chemical complexity precludes a 
detailed chemical analvsis of indiviciiial penotoxic comnonents (Cerna el al.. 1996V In most 
towns Oi iiiuia, raw sewage is uscu eitiier uirectiy to irrigate agricultural lanu as a supplement 
of essential plant nutrients or it is disposed into fresh water systems, which again can be used 
for agricultural purpose. Although, this treatment increases crop production, but the 
w^astewater is contaminated with pollutants such as heavy metals and polychlorinated 
substances from domestic and industrial wastes that enter into the sewer system (Kansal 
1994; Aleem et al, 2003; Yu et al, 2008). 
Synthetic chemical compounds are currently used in industry, commerce, agriculture 
and home. Portions of these chemicals are released either deliberately or unintentionally into 
the atmosphere, land, rivers, lakes and seas, and numerous xenobiotics are ultimately found 
in the surface waters and sediments. It has been estimated that there are approximately 
80,000 chemicals in commerce, and the proportion of mutagens among chemicals in 
commerce is approximately 20% (Zeiger and Margolin 2000). Carcinogens are also released 
into the environment and ultimately migrate into surface waters and accumulate in sediments 
(Ohe et al, 2004). 
Introduction of mutagens into the aquatic environment by wastewaters coming from 
different sources (industrial, domestic, hospital, agricultural) represents a major problem 
concerning drinking water resources and envirormiental protection of water bodies. It is 
extremely difficult to quantify the risk associated with these chemical pollutants because they 
usually occur in concentration levels too low to allow analytical determination. The putative 
mutagens with few exceptions in surface and wastewaters have never been identified 
(Jolibois and Guerbet 2005). A relevant aspect is that, although knowing the classes of 
compounds present in these complex mixture is important for the choice of an appropriate 
method (Claxton et al, 1988; Ashby and Tennant 1991), this identification is not always 
possible (Vargas et al, 1995). 
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Mutagenicity evaluations of surface water provide an indication of potential hazard 
due to lack of prior knowledge about the identity or physical/chemical properties of the 
putative toxicants. The Salmonella mutagenicity assay in particular has been widely used to 
detect mutagenic activity in complex environmental mixtures such as surface waters (Ohe et 
ai, 2004). 
Mutagenic activity has been detected in organic and inorganic extracts of industrial 
wastewater from a variety of industries (Johnston et al, 1982; McGeorge et al., 1985; Vargas 
al., 2004). Similarly concentrates of municipal wastewater frequently contain detectable 
amounts of genotoxic agents when the ratio of industrial and domestic waste input is high 
(Meier and Bishop 1985; Meier et al., 1987; Magdaleno et ai, 2001). 
This chapter describes qualitative and quantitative aspects of pollution in wastewaters 
of India with special reference to pesticide pollution in terms of its genotoxic effects. The 
organic matter present in the test water samples was extracted employing XAD-resins and 
liquid-liquid extraction procedures and was then analysed by gas chromatography. These 
extracts were also directly applied to test for their genotoxic activity by Ames 
^a/woneZ/a/mammalian microsome assay, DNA repair defective mutants and bacteriophage X 
systems. The test samples exhibited significant mutagenicity with TA98, TA97a and TAIOO 
strains. XAD-concentrated samples were more mutagenic as compared to liquid-liquid 
extracted samples. 
Materials and methods 
Sample Collection: 
Wastewater samples were collected as described earlier (Chapter II: General materials 
and methods). Composite wastewater samples were collected from two different sampling 
sites. First sampling site (site I) was selected near the industries (paper, plastic, metal and 
pesticides etc.) where effluents were poured directly into the open channel. The second 
sampling site (site II) was selected 2 km away from the first site during which domestic 
wastewater is also added to the effluent at several points. 
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Preparation of concentrated water extracts 
XAD-extraction method 
For the concentration of organic constituents, a sample of 10 liter of wastewater was 
collected. Before concentration the water samples were filtered through two membrane filters 
with pore size of 8 |.im and 0.45 fam. The adsorption of organic constituents on the XAD-
resins was carried out as described by Wilcox and Williamson (1986). An equal mixture of 
XAD-4/8 was used as described by Kool et al. (1981). The adsorbed organic material was 
iiiv^ii i,iuLv^va Will i ^\j 1111 u i av..v^iuin- V^^^ l->^^-glau^^^. i i i u v^iuan^ v>ao v^  vajjvjiaiv^va n j uijiiv./:>j a i i u 
reconstituted in DMSO (HPLC-grade) such that 5 ml of extract was equivalent to 1 liter of 
the original water. These samples were filter sterilized through 0.45 [im filters and stored at 
-20°C until testing was completed. 
Liquid-liquid extraction method 
Organochlorine and organophosphorus pesticides were extracted by liquid-liquid 
extraction method as described by Singh et al. (1987). One liter of the homogenized water 
samples were shaken vigorously thrice, each time using 25 ml ?7-hexane (HPLC-grade). 
When the solvent and water layers were separated, the solvent layer was collected in a 
conical flask. This hexane extract contained the organochlorine pesticides. 
Organophosphorus pesticides were extracted from the water sample, which had already been 
extracted with hexane. To these water samples, 50 ml chloroform (HPLC-grade) was added 
three times, this chloroform extract contained the organophosphorus pesticides. The extracted 
organic phase was evaporated at 40°C under reduced pressure with the help of a vacuum 
pump and made up to 5 ml. The samples were filtered through 0.45 i^ m membrane filter 
before being used in genotoxicity tests. 
Gas chromatographic analysis of pesticides 
Analyses of the extracts were performed by Hewlett Packard 5890 Series II gas 
chromatograph equipped with an electron capture detector. Instrument parameters and 
operating conditions were as follows: 
Column: HPlOl (25 m x 0.2 mm x 0.2 ^m) 
Temperature: Injector 250°C 
Detector 325^0 
Oven 250°C 
Carrier gas: Nitrogen with a flow rate of 60 ml/min. 
The peaks were identified by comparing their retention times with those of pesticide 
standards (AccuStandard Inc. New Haven, USA). 
Ames mutagenicitj' testing 
The preincubation test was performed as described by Maron and Ames (1983) with 
some modifications (Pagano and Zeiger 1992). Five doses of each water extract i.e. 2.5, 5, 
10, 20, and 40 fil/plate were plated in duplicate with 0.1m! of the bacterial culture. After 
incubating the test sample and bacterial culture for 30 min at 37°C, 2.0 ml top agar 
containing traces of histidinc anu uiotin was auuCu anu contents were poureu on minimal 
glucose agar plates. Plates were incubated at 37°C for 48-72 h. Negative and positive 
controls were included in each assay. The negative control plates contained bacteria and 
solvent (DMSO) but no test sample. Methyl methane sulphonate and sodium azide were used 
as positive controls. All the water extracts were also tested in the presence of (+S9) 
microsomal fraction, to which 20 (il of S9 liver homogenate mix per plate was added. The 
criterion used to classify the results as positive was similar to those of Vargas et al. (1993; 
1995): number of revertants double the spontaneous yields accompanied by a reproducible 
dose-response curve. 
Treatment of Escherichia coli K-12 strains with XAD-coneentrated and liquid-liquid 
extracted water samples 
The SOS defective recK lex A and/io/A mutants oi Escherichia coli K-12 as well as 
the isogenic wild type strains were harvested by centrifugation from an exponentially 
growing culture (1-3x10^ viable counts/ml). The pellets were suspended in 0.0 IM MgSO.! 
solution and treated with 20 |il of XAD-concentrated and liquid-liquid extracted water 
samples separately. Samples were withdrawn at regular intervals, suitably diluted and plated 
to assay the colony forming ability. Plates were incubated overnight at 37°C. Solvent control 
was run simultaneously. 
Extracellular treatment of bacteriophage A, with the test samples 
Purified bacteriophage X (10'° plaque forming units/ml) was incubated at 37°C with 
20 ).il/ml of the test samples. Aliquots of 0.1 ml were withdrawn at regular intervals, suitably 
diluted in 0.0IM MgS04 solution of pH 8.0 and allowed to adsorb on DNA repair defective 
and wild type hosts of/?- coU K-12 strains (AB1157, AB2463, AB2494, KL400, and KL403) 
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at 37°C: and were plated on nutrient agar by the double layer method. Plaques were counted 
after overnight incubation at 37°C. 
Statistical Analysis 
i) Mutagenic index 
The number of his^ revertants in the sample was compared to the negative control 
by its mutagenic index value. 
Number of his'*' revertants induced in the sample 
Mutagenic index = 
Number of his^ revertants induced in the negative control 
ii) Mutagenic potential 
The mutagenic potential of the test samples was calculated by the initial linear 
portion of the dose response curve with various tester strains. The slope (m) was 
obtained by the least square regression of the initial linear portion of the curve of 
initial dose response. 
iii) Induction factor (Mi) 
The induction factor for various test strains for different Vv^ ater concentrates was 
evaluated as follows. 
Mi = In n-c/c 
Where n is the number of revertant colonies in the sample and c is the number of 
revertants in solvent control. The induction factor was calculated to determine the 
difference between two samples if the sensitivity pattern based on the slope (m) 
was similar. 
iv) ANOVA 
To determine the significance of the number of his^ revertants in the sample as 
compared to the control, one way ANOVA was done at P < 0.05. 
Results 
Gas chromatographic analysis of the two different sampling sites revealed the 
presence of organochlorine and organophosphorus pesticides. Sampling site I showed the 
presence of BHC, DDE, DDT, Dieldrin, Aldrin and Endosulfan at concentrations of 27.06, 
15.82, 18.41, 3.20, 0.93 and 1.82 ng/L respectively. The organophosphorus pesticides 
Dimethoate, Malathion, Methylparathion and Chlorpyrifos were detected at levels of 0.99, 
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1.75, 1.92 and 0.98 ng/L respectively. The level of these pesticides in site II was 
comparatively lower to that of site I (Table 1). 
llie mutagenicity of the wastewater samples was evaluated with XAD concentrated 
and liquid-liquid extracted wastewater. I'he reversion data of Salmonella typhimurium strains 
with the XAD concentrated water samples in site I and site II are summarized in Table 2. It 
was found that the test samples (XAD concentrated) showed maximum response with TA98 
strain in the presence as well as in the absence of the S9 fraction in both the sampling sites. 
There was an increase in the reversion of tester strains with increasing the dose of samples up 
to 20 fal/plate and reversion declined at a dose of 40 |al/plate. Among all the strains tested, 
TA98 showed a maximum mutagenic index of 16.5 (without S9 fraction) and 18.4 (with S9 
fraction) in site I, while site II exhibited less mutagenic activity (Mutagenic index =14.7 and 
16.9) in absence and presence of the S9 fraction on the TA98 strain. Similarly, TA98 showed 
maximum response in terms of induction factor (Mi) and slope (m) of the initial linear dose 
response curve as determined by linear regression analysis up to the increasing dose-
response. The order of responsiveness based on the mutagenic index and induction factor in 
the presence and absence of the S9 fraction for XAD concentrated samples was as follows: 
TA98>TA97a>TA100>TA102>TA104. However, the order of responsiveness of the tester 
strains based on the slope (m) in the absence and presence of the S9 fraction was as under: 
TA98 > TA97a > TAIOO > TA104 > TA102 
The response based on slope (m) for site I in the presence of the S9 fraction was as follows: 
TA98 > TAIOO > TA97a > TA104 > TA102 
The significance of the reversion of tester strains with increasing doses of test samples were 
determined by one-way ANOVA test. The analysis showed that reversion of the strains 
increased significantly in comparison to the negative control with increasing dose. The 
results obtained for samples I and II revealed that sample I has higher mutagenic index, 
induction factor and slope (m) of the response with increasing doses of samples in 
comparison to sampling site II. 
Reversion of the Ames tester strains with liquid-liquid extracted water samples I and 
II is shown in Table 3. The number of revertants increased by increasing the dose up to 20 
|il/plate. The trend in increase was similar as with XAD-concentrated samples; however, the 
number of revertants was lower. The order of responsiveness in terms of mutagenic index 
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and induction factor of both tlie samples in the presence and absence of the S9 fraction was 
as follows: 
TA98 > TA97a > TAIOO > TA102 > TA1()4 
For samples I and II, the dose dependent response in terms of slope (m) without S9 fraction 
was as follows: 
TA97a> TA98 > TAIOO > TA104 > TA102 
while in the presence of the S9 fraction the response for site I was TA_97a > TA98 > TAl 00 > 
i / \ i uz -' i / ^ i u t aiiu lui sue ii inc oiucr was as i/^\.y /a ^ iJ-s.yo ^ i^^iou-- IT-^IU^-- i r t . iu t . 
All values were significantly higher in comparison to the control in all the strains suggesting 
a dose dependent mutagenicity. Again, the liquid-liquid extracted sample of site I was found 
to be more mutagenic than sample II. 
We prepared a mixture of chemically pure pesticides (detected in wastewater) in the 
amounts and ratios comparable to that in the test samples (Table 1) to see their cumulative 
effect. Interestingly, we found a similar pattern both with the extract and pesticide mixture, 
with respect to the responsiveness of various tester strains. Moreover, the trend of 
mutagenicity in the presence of the S9 fraction was similar with the pesticides mixture as 
well as with the extract (Table 4). The number of revertants scored per plate for strain TA98 
and TA97a were found to be high even at low doses (5-20 (il/plate). The strains TAl02 and 
TAl04 exhibited a weak response to the test samples even at 40 (il/plate. These strains could 
be listed in order of pesticide induced mutagenesis as follows: TA98 > TA97a > TAIOO > 
TA104>TA102 
The net revertants per litre for the most responsive strains TA97a and TA98 are 
shown in Table 5. The XAD concentrated sample I showed a maximum number of net 
revertants per litre for TA98 in the absence (116250 revertants per litre) as well as in the 
presence of the S9 fraction (139500 revertants per litre). The mutagenic activity was 
markedly enhanced in the presence of the S9 fraction when treated with XAD-concentrated 
water samples. The maximum toxicity was observed in the test sample I followed by sample 
II in all the extracts tested. Based on the above results the toxicity of the different test 
samples can be arranged as follows: XAD-concentrated water sample > liquid-liquid 
extracted water sample > pesticides mixture 
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The survival pattern of recA. lex A and polA mutants in the presence of XAD 
concentrated and Hquid-liquid extracted water samples and pesticide mixture is shown in Fig 
1. I'he damage to the cell in the presence of the XAD concentrate was found to be high as 
compared with liquid-liquid extracted samples at a dose of 20 |il/ml of culture. Among all the 
mutants, polA exhibited maximum decline in XAD concentrated water samples after 6 h of 
treatment. Site I displayed maximum decline and survival was 18% in polA, 31 % in lex A 
and 43% in recK mjjtants, while site II exhibited maximum^ decline and survival was 23% in 
polA, 39% in lex A and 52% in recA mutants. The liquid-liquid extracted water sainple I 
showed survival of 24% in polA, 38% in lex A and 48% in recA mutants, while site II 
exhibited a maximum survival of 26%o mpolA, 43% in lexA and 49% in recA mutants. The 
survival was 26% in polA, 45% in lexA and 53% in recA mutants when treated with 
pesticide mixture. 
Extracellular treatment of bacteriophage X with test samples (XAD concentrated, 
liquid-liquid extracted and pesticide mixture) is shown in Fig 2. There was a significant 
decline in the plaque-forming units at a dose of 20 |al/ml of test sample. Flere, again the most 
significant decline was observed with XAD concentrated sample, which was 17% in lexA, 
and 27% in recA in sample I, while XAD concentrate of sample II showed a survival of 19% 
in lexA and 30% in recA mutants. Similarly liquid-liquid extracted water sample I showed a 
stronger decline in survival (21 and 31% in lex A and recA mutants respectively) in 
comparison to sample II (24 and 33% in lex A and recA mutants respectively) after 6h of 
treatment of the bacteriophage lambda. The treatment of bacteriophage X. with a mixture of 
pure pesticides after 6 h also showed a decline of plaque forming units (27%) in lexA and 
36% in recA mutants). 
Discussion 
The identification of specific chemical substances with genotoxic activity in untreated 
waters or even in industrial effluents is quite difficult because few compounds are present at 
high concentrations. Many times genotoxic activity cannot be attributed to specific 
compounds in the mixture but rather to a set of properties and chemical interactions of the 
sample as a whole (McGeorge et al., 1983; Vargas et al., 1995). 
Environmental contamination of natural waters by pesticide residues is of great 
concern. Pesticides are one class of compounds that, despite their benefits, may produce a 
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wide range of toxic side effects tliat pose a potential hazard to the environment (Kolpin et a/., 
1998; Golfmopoulos et al.. 2003). The level of pesticides contamination recorded in the 
present investigation was higher than the levels reported by Aleem and Malik (2005). They 
found the pesticides BHC, DDE and DDT 25, 1.6 and 8.8 ng/L respectively in the Yamuna 
water at Delhi. The river is highly polluted with domestic as well as industrial waste at Delhi. 
Pandit et al. (2002) reported persistent organochlorine pesticides in marine waters at 
Mumbai- They found HCFl, DDF, and mM 5 42, 0.87 and 12.45 ng/L respectively. 
In India, alarming levels of pesticides have been reported in air, water, soil as well as 
in foods and biological materials (Viswanathan, 1985; Agarwal et al., 1986; Hans et al, 
1999; Gupta 2004b). OC insecticides have been extensively used in India since 1954 in 
agriculture as well as in public health sector (Gupta 1986). It is to be noted that usage of 
DDT has been banned in 1989 for agriculture in India. However, DDT is being used for 
malaria control. Government of India has also banned the use of aldrin in 1994. However, 
unless the environmental residue level is monitored continuously, the illegal usage cannot be 
detected and prevented. Further, the environmental residue levels also have to be monitored 
as the chemicals and their metabolites are expected to remain in the system for many more 
years. 
Although mutagenic potency can be detected in non-concentrated samples of surface 
water (Czyz et al., 2002; Dizer et al., 2002), all the contaminants are usually present at such 
low levels that they are difficult to detect, and therefore some sort of extraction/concentration 
method is required for reliable mutagenicity/genotoxicity assessment of surface water 
samples (Umbuzeiro et al., 2001; Vargas et al, 2001; Czyz et al, 2003; Ohe et al, 2004; 
Aleem and Malik 2005). The Ames mutagenicity assay in particular has been widely used to 
detect mutagenic activity in complex environmental mixtures. 
This study indicated an increase in the number of revertant colonies with one or more 
Ames tester strains in the presence of test samples. Other works have also reported 
mutagenic activity of surface and drinking water samples (Kusamran et al., 1994; Malik and 
Ahmad 1995; Liu et al, 1999; Aleem and Malik 2003a; 2005). It was observed that the test 
samples displayed maximum response with the 'rA98 strain followed by 'rA97a and TAIOO 
strains, both in the presence and absence of the S9 fraction. Filipic (1995) extracted water 
samples with XAD-2 resins and tested for mutagenicity with a modified Ames test. He also 
found maximum mutagenicity with the TA98 strain in both the presence and absence of S9 
fraction. Malik and Ahmad (1995) screened raw wastewater samples comprising of both 
domestic and industrial waste, and demonstrated significant mutagenic activity with Ames 
tester strains TA102 and TA104. Aleem and Malik (2003a: 2005) rennrted maximum 
mutagenicity in A A U COncenuaicia waiti aamjjics UL iiic iivci 1 am una iiuiii iviaiuuia l^urj 
and Okhla (Delhi), India. Among all the strains tested, TA98, TA97 and TAIOO showed 
maximum mutagenicity with all the samples both in the presence and in the absence of S9 
fraction. Aleem and Malik (2003 b) reported that the agricultural soil irrigated with 
wastewater, which is derived from both industrial and domestic sources, in the vicinity of 
Aligarh city (India), contained certain genotoxic agents which are capable of inducing 
mutations. Mathur et al. (2007) reported that TA98 and TAIOO showed maximum 
mutagenicity in industrial sludge from a common wastewater treatment plant. 
We found a higher level of mutagenic response when the wastewater samples were 
extracted with XAD resins as compared to those obtained by liquid-liquid extraction 
procedure (Tables 2 and 3). Adsorption on XAD resins could be very specific for the 
isolation of mutagenic substances from the water samples (Yamasaki and Ames 1977; Kool 
et al., 1981). XAD resin can generally adsorb a broad class of mutagenic compounds, 
including polycyclic aromatic hydrocarbons, aryl amines, nitro compounds, quinolines, 
anthraquinones etc. Adsorption followed by elution with organic solvents, is efficient in 
extracting all the polar and non polar toxic chemicals and mutagens/genotoxins (Junk et al., 
1974). Therefore, most mutagens are expected to be effectively concentrated by the use of 
XAD resins. However, liquid-liquid extraction concentrates mostly pesticides (Singh et al., 
1987). Among the 400 pesticide preparations studied for mutagenic activity, half of them 
were found to be mutagenic in one or more of the test systems (Kurrinj 1984). Ruiz and 
Marzin (1997) tested six pesticides (atrazine, captafol, captan, chlorpyrifosmethyl, molinate 
and tetrachlorvinphos) for their genotoxicity using Ames Salmonella mutagenicity and SOS 
chromotest. They found that all the pesticides were genotoxic. 
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In this study, mutagenic response of the liquid-liquid extracted water samples may 
not necessarily reflect the mutagenicity of existing pesticides in the test wastewater samples, 
because some other organic pollutants might also come along with the pesticides in the 
extract. A sample test was adopted to rule out this possibility. The test was based upon the 
assumption that the pattern of response of various Ames Salmonella strains with the expected 
mutagenic substance (i.e. pesticides) should be similar to that of the extract if the 
inuta^enicitv is laro^ eW contributed bv the existin^f i^ollutants. Interestin<^W, wp found a 
Similar paileni both with the extract and pesticide iiiixiure i.e. the responsiveness of various 
tester strains. Moreover, the trend of mutagenicity in the presence of the S9 fraction was also 
similar with the pesticides mixture as well as with the extract (Table 4). These findings 
indicate a significant role of pesticides in the mutagenicity of wastewater samples. However, 
the lower response of the pesticide mixture demonstrated that the liquid-liquid extracted 
water samples contained some other mutagenic compounds in the test samples in addition to 
pesticides. 
The survival pattern of recA, lexA and polA mutants of E. coli as well as their 
isogenic wild-type counter parts in the presence of XAD-concentrated and liquid-liquid 
extracted water samples is shown in Fig. 1. It is postulated that the inducible error-prone 
repair pathway presumably involving the recA and lexA genes could potentially operate on 
several types of lesions in DNA, whether produced by radiation, environmental chemicals or 
other agents (Walker 1985; Strauss 1989; Malik and Ahmad 1995; Rehana et al., 1996; 
Aleem and Malik 2003a; 2003b; 2005). Aleem and Malik (2003a) reported a significant 
decline in the survival of DNA repair defective E. coli K-12 mutants as compared to their 
isogenic wild type counterparts with water extracts from the river Yamuna at Mathura 
sampling sites. Bourbigot et al. (1986) and Rehana et al. (1996) demonstrated the ability of 
the water concentrates from river to induce the SOS response by means of DNA damage in 
E. coli cells. The recA, lexA and polA mutants of E. coli were found to be sensitive to the 
test samples, suggesting damage of the DNA of exposed cells as well as a role for recPC, 
lexPC and polA^ genes in coping with the hazardous effect of pollutant. Aleem and Malik 
(2005) reported maximum damage to the cell in the presence of XAD concentrates as 
compared to that of liquid-liquid water extracts of Yamuna water at Okhla (Delhi) sampling 
sites. The lexA and polA mutants exhibited significant damage. XAD-concentrated and 
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liquid-liquid extracted water samples of Okhla exhibited 86.3% and 75.5% decline in 
survival of polA strain after 6 h of treatment. 
Extracelluiar treatment of bacteriophage k with concentrated water samples also 
resulted in significant loss of plaque forming units (Fig. 2). Vargas et al. (1995) 
demonstrated that the microphage induction assay can detect other DNA damage in addition 
to different types of mutation, suggesting it a good screening assay of genotoxic compounds 
present in small concentrations in environmental samples Honk and DeMarine (1987) also 
reported that prophage induction may be useful for screening hazardous wastes, many of 
which contain chlorinated organics and carcinogenic solvents and metals that are refractory 
in the Salmonella assay. 
Mutagenicity assessment of wastewater at both the sampling sites (site I & II) 
demonstrated that it has been polluted by a mixture of genotoxins with both bacterial 
mutagenic and genotoxic effects. These findings clearly indicated that the test wastewater 
samples preferentially act on G-C base pair mutants (frame shift) as compared to those 
having A-T base pairs at the site of mutation and also initiate the inducible error prone SOS 
response in the water extracts treated E. coli mutants. Therefore, we suggest that agricultural 
fields may not be irrigated by untreated wastewaters because they contain significant amount 
of pollutants that may cause neoplastic transformations in humans after entering into the food 
chain. 
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Table 1. Pesticide residues in wastewater samples as determined by gas 
chromatography 
Pesticides Concentration (ng/L) 
Site I Site II 
Organochlorines (OC) 
T-BHC 
T-endosulfan 
p, p'-DDE 
p, p'-DDT 
0, p'-DDE 
o, p'-DDT 
Dieldrin 
Aldrin 
27.06±4.03 
1.82±0.11 
15.82±2.38 
18.41±3.21 
ND 
ND 
3.20±0.62 
0.93±0.03 
20.19±2 09 
1.27±0.08 
12.68±1.93 
11.08±2.38 
ND 
ND 
2.23±0.52 
0.65±0.02 
Organophosphorus (OP) 
Dimethoate 0.99±0.09 
Malathion 1.75±0.27 
Methyl parathion 1.92±0.43 
Chlorpyrifos 0.98±0.07 
0.78±0.03 
0.89±0.04 
1.42±0.27 
0.41±0.03 
ND= Not detected 
Each value is the mean of six replicates ± SD. 
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Table 5. Mutagenicity of wastewater samples in terms of net revertants per 
liter for most responsive TA97a and TA98 strains 
Test Strain 
Sample 
S9 
fraction 
Net revertants/Ij 
XAD concentrated 
water sample 
Liquid-liquid extracted 
water sample 
Site I TA97a 
TA98 
Site II TA97a 
TA98 
+ 
+ 
92,250 
109,500 
116.250 
139,500 
90,250 
106,250 
113,250 
135,000 
86,000 
89,500 
74,250 
88,250 
70,000 
73,250 
61,750 
65,250 
18 
Wild-type (recA*, lex A 
reck* 
lexA* 
po/A' 
polA' 
TIME (h) 
Figure 1. Survival of E. coli K-12 strains (wildtype (recA^, lexA^), recA'^, lexA^, 
polA^,polA') treated with XAD-concentrated samples (a) site I (a') site II; liquid-liquid 
extracted samples (b) site I (b') site II; and pesticides mixture (c) site I (c') site II. 
119 
wild-type (recK, lexA*) 
recA* 
/exA* 
6 0 
TIME (h) 
Figure 2. Survival of extracellularly treated bacteriophage X with XAD concentrated 
samples (a) site I (a') site II; liquid-liquid extracted samples (b) site I (b') site II; and 
pesticides mixture (c) site I, (c') site II. 
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Introduction 
Land application of wastewater has been a worldwide agricultural practice in many 
countries for several decades (Baveye el al., 1999; Anikwe and Nwobodo 2002; Bhogal and 
Nicholson 2003; Rousan 2007). However, long-term irrigation with industrial eftluent mixed 
with municipal wastewater has resulted in the excessive accumulation of toxicants in 
agricultural soils (such as heavy metals and polychlorinated substances from domestic and 
itidnstria) wastes that enter the sewer system_) and has brought a potential risk to human 
iiccULU u u c lu uic cn^uuiiiuictnuu u i lUAiumiLb i m u u g i i iiic i u u u - c i i a u i i^vjittaii e;; ui., /.KJVZ., 
Aleem and Malik 2003a, b; Song et al., 2006). 
Numerous studies have indicated that toxic trace pollutants might reach 
concentrations which are of concern to human health in urban environments (Chen et al., 
2005; Li et al., 2006; Tulve et al., 2006). In contrast to agricultural soils, urban soils might 
have a direct influence on public health, since pollutants in the soils can easily be transferred 
into humans via ingestion, inhalation, or dermal routes, etc. (Mielke et al., 1999; Madrid et 
al., 2002; Chen et al.. 2005; Li et al., 2008). Organochlorines (OCs), such as polychlorinated 
biphenyls (PCBs) and chlorinated pesticides, represent an important group of persistent 
organic pollutants (POPs) which have caused worldwide concern as toxic environmental 
contaminants (Law et al., 2003; Covacia et al., 2005; Wurl and Obbard 2005). 
Soils are increasingly becoming sinks for a wide range of hazardous pollutants 
generated by human activities. Hazard and risk assessment of polluted soil samples are 
usually performed by means of physical and chemical measurements but chemical analysis 
alone may not be sufficient for biological assessment (Fernandez et al, 2005). Physico-
chemical analysis of all the chemical pollutants contributing to toxicity in addition to their 
synergistic or anatagonistic effects is not possible (Juvonen et al., 2000). Therefore a 
biological approach is useful to integrate the effects of all the bioavailable contaminants and 
of their interaction (Eom et al., 2007). 
Toxicity assessment using biotests is an established alternative for hazard assessment 
of complex environmental mixtures. This approach provides an integrative parameter for the 
presence of compounds affecting the applied test system. A prior knowledge of key 
contaminants is not necessary and interactive toxicity among the components is reflected by 
the resuhs (Brack 2003). 
12i 
The present study focuses on the genotoxicity of cultivated agricultural soils irrigated 
with wastewater from factories (paper, plastic, metal and pesticides industries) and domestic 
sewage for more tlian two decades until now and ground water irrigated soil as control. Three 
different bioassays were performed namely Ames Sa/mone/Za/mammalian microsome test, 
survival of SOS defective E. coli K-12 mutants and bacteriophage lambda systems. Few 
studies have dealed with testing potentially contaminated soils of India by these methods 
(Aleem and Malik 2003b). 
Materials and methods 
Sample collection: 
Soil samples were collected as described earlier (Chapter II: General materials and 
methods). Two types of soil samples approximately 8 km away from each other were 
collected, (i) agricultural field soil, which had continuously been irrigated with wastewater, 
and (ii) ground water irrigated soil as control. 
Determination of pesticides in soil 
Extraction of pesticides from soil was performed according to the method described 
by Gan et al. (1999). Soil (10 g) vv^ as shaken vigorously with 20 ml of methanol:water 
(4:l,v/v) for 1 h. The mixture was centrifuged at 10,000 rpm (8940 g) for 15 min and the 
supernatant was decanted. This procedure was repeated twice and the extract volume was 
reduced to ~ 15 ml using a rotary evaporator at 40°C. The aqueous sample was then acidified 
to pH~l with HCl and partitioned three consecutive times with chloroform (30 ml), (HPLC-
grade) using a separatory funnel. The organic phases were again evaporated near to dryness 
and then redissolved in 1ml of rt-hexane (HPLC-grade) and finally analyzed by gas 
chromatography. Standard solutions were prepared according to the method of Singh et al. 
(1987) and stored at -20°C. These samples were filtered through a 0.45 (im membrane filter 
before use. 
Gas chromatographic analysis of pesticides 
Analyses of the extracts were performed by Hewlett Packard 5890 Series II gas 
chromatograph equipped with an electron capture detector. Instrument parameters and 
operating conditions were as follows: 
Column: HPlOl (25 m x 0.2 mmx 0.2 ^m) 
Temperature: Injector 250°C 
i22 
Detector 325T 
Oven 250°C 
Can-ier gas: Nitrogen with a tlovv rate of 60 ml/min. 
The peaks were identified by comparing their retention times with those of pesticide 
standards (AccuStandard Inc. New Haven, USA). 
Extraction of soil samples with different solvents 
Extraction of soil with different solvents (methanol, acetonitrile, chloroform, hexane 
and acetone) was done according to the m.ethod of Knize et al. (1987) and Aleem and Malik 
(2003b). 10 g of soil was extracted with 10 ml of the extraction solvent. The extracts were 
centrifuged at 7000 rpm (4380 g) for 10 min. The extracts were evaporated near to dryness 
and then re-dissolved in 1 ml of DMSO. These extracts were filtered sterilized through 0.45 
|im filters and stored at -20°C until testing. 
Salmonella mutagenicity' testing 
The preincubation test was performed as described by Maron and Ames (1983) with 
some modifications (Pagano and Zeiger 1992). Five doses of each soil extract i.e. 5, 10, 20, 
40 and 80 |il/plate were plated in triplicate with 0.1ml of the bacterial culture. After 
incubating the test sample and bacterial culture for 30 min at 37°C, 2.0 ml top agar 
containing traces of histidine and biotin was added and the mixture was poured on minimal 
glucose agar plates. Plates were incubated at 37°C for 48-72 h. Negative and positive 
controls were included in each assay. The negative control plates contained bacteria and 
solvent (DMSO) but no test sample. For all the soil extracts methyl methane sulphonate (1.0 
\i\ for TA97a, TAIOO, TA102) and sodium azide (1.5 )ag for TA97a, TAIOO) were used as 
positive controls without S9 mix and benzo(a)pyrene (1.0 ^g for TA97a, TA98, TAIOO) was 
used as positive control with S9 mix, to which 20 |il of S9 liver homogenate mix (4% S9) per 
plate was added. The criterion used to classify the results as positive was similar to those of 
Vargas et al. (1993; 1995): number of revertants double the spontaneous yields accompanied 
by a reproducible dose-response curve. 
Treatment oiE. coli K-12 strains with soil extracts 
The SOS defective recA, lex A and polA mutants of E. coli K-12 as well as the 
isogenic wild type strains were harvested by centrifugation from 1 niL of exponentially 
growing culture (1-3x10 viable counts/ml). The pellets were suspended in 1 niL of O.OIM 
12-
MgS04 solution and treated with 40 ).d of each soil extract separately. Samples were 
withdrawn at regular intervals, suitably diluted and plated to assay the colony forming 
ability. Plates were incubated overnight at 37°C. Solvent control was run simultaneously. 
Extracellular treatment of bacteriophage X with the test samples 
Punfied bacteriophage X (lO"' PFU/ml) was incubated at 37°C with 40 |al/ml of the 
test samples. Aliquots of 0.1ml were withdrawn at regular intervals, suitably diluted in 
0.01 M MgSOi solution of pH 8.0 and allowed to adsorb on DNA repair defective and wild 
type hosts of E. coli K-i2 strains (AB1157, AB2463, AB2494, KL400 and KL403) at 37°C. 
The infective centers were plated on nutrient agar by the double layer method. Plaques were 
counted after overnight incubation at 37°C. 
Statistical Analysis 
i) Mutagenic index 
The number of his^ revertants in treated plates was compared to negative control 
by its mutagenic index value. 
Number of his^ revertants induced in the treated plates 
Mutagenic index = 
Number of his"^  revertants induced in the negative control 
ii) Mutagenic potential 
The mutagenic potential of the test samples was calculated by the initial linear 
portion of the dose response curve with various strains. The slope (m) was 
obtained by the least square regression of the initial linear portion of the curve of 
initial dose response. 
iii) Induction factor (Mi) 
The induction factor for the highest value of various tester strains for different soil 
extracts was evaluated as follows. 
Mi = In n-c/c 
Where n is the number of revertant colonies in the sample and c is the number of 
revertants in solvent control. The induction factor was calculated to determine the 
difference between two samples if the sensitivity pattern based on the slope (m) 
was similar. 
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iv) ANOVA 
To determine the significance of the number of his^ revertants in the sample as 
compared to the control, one way ANOVA was done at P < 0.05. 
Results 
Gas chromatographic analysis of the wastewater irrigated soil samples revealed the 
presence of certain organochlorine and organophosphorus pesticides as reported in Table 1. 
The soil contained certain organochlorine pesticides such as T-BHC, p, p'-DDE, p. p"-DDT, 
Dieldrin, Aldrin and T-Endosulfan in concentrations of 12.68, 10.94, 5.62, 1.59, 0.78 and 
2.24 ng/kg respectively. The organophosphorus pesticides dimethoate, malathion, 
methylparathion and chlorpyrifos were found in concentrations of 0.57, 0.98, 1.11 and 0.65 
ng/kg respectively. Groundwater irrigated soil also shows the presence of pesticides but in a 
very low concentration as T-BHC, p, p'-DDE, p, p'-DDT, Dieldrin, Aldrin and T-Endosulfan 
in concentrations of 2.3, 1.07, 1.26, 0.07, 0.02 and 0.32 ng/kg respectively (Table 1). 
The soil samples were extracted with different solvents (methanol, acetonitrile, 
chloroform, hexane and acetone) and assayed for mutagenicity using Ames Salmonella test. 
The reversion results of Salmonella typhimurium strains with different extracts'of wastewater 
and groundwater irrigated soils are summarized in Tables 2-6. All the samples exhibited 
maximum mutagenicity with TA98 and TAIOO strains in the presence as well as in the 
absence of S9 fraction. There was an increase in the reversion of tester strains with increasing 
dose of test samples up to 40 |il/plate and a decline at the dose of 80 [^I/plate. 
The response of different strains in terms of slope (m) of the initial linear dose 
response curve was obtained by the least square regression. It was found that TAIOO showed 
the maximum slope value followed by TA98 or TA102 in all the extracts of the soil samples. 
The order of responsiveness of different strains in terms of slope for methanol and 
chloroform extract without S9 fraction was TAIOO > TA98 > TA97a > TA102 > TA104 
(Table 2 and 4), while for acetonitrile and hexane extracts it was the following: TAIOO > 
TA98 > TA102 > TA97a > TA104 (Table 3 and 5). However, soil extracts exhibited a 
variable trend in responsiveness of the different strains in the presence of S9 fraction in terms 
of slope with respect to the initial dose response curve. The order of mutagenicity for 
different soil extracts of wastewater irrigated soil in terms of mutagenic potential of the 
initial linear dose response for the most responsive strain I'AIOO with and without S9 
fraction was the following: 
Methanol > Chloroform > Acetonilrile > Hexanc > Acetone. 
The order of mutagenicity of different soil extracts of ground water irrigated soil in terms of 
slope (m) with and without S9 fraction for the maximum responsive strain TA98 can be 
expressed as, Methanol > Acetonitrile > Hexane > Chloroform > Acetone (Tables 2-6). 
The mutagenicity of soil extracts from wastewater irrigated soil was compared to 
ground water irrigated soil in terms of mutagenic potential It was calculated by dividing the 
slope value (m) of wastewater irrigated soil by the value of groundwater irrigated soil. It was 
found that the slope (m) of initial dose response curve had a 8.6 times higher value in 
wastewater irrigated soil as compared to ground water irrigated soil. 
The net revertants per gram soil equivalent for the most responsive strains TA98 and 
TA100 are shown in Table 7. The methanolic extracts showed maximum number of net 
revertants per gram of soil for TAIOO in the absence (938 revertants/g of soil equivalent) as 
well as in the presence of S9 fraction (1008 revertants/g of soil equivalent). The mutagenic 
activity was enhanced in the presence of the S9 fraction for all the soil extracts tested (Table 
7). 
Compared to their isogenic wild-type strains the survival pattern of recA, lexA and 
polA mutants of E. coli K-12 with different soil extracts are shown in Figure 1. The 
methanolic extracts of the soil samples show maximum damage to the bacterial cell at a dose 
of 40 \x\ of soil extracts/ml of culture. Among all the mutants, the polA mutant exhibited 
maximum decline in survival with the methanolic extracts of soil. The wastewater irrigated 
soil extracts displayed higher decline in survival as compared to groundwater irrigated soil 
extracts. The survival was 25% in the polA, 45% in lexA and 52% in recA mutants when 
treated with methanolic extracts of wastewater irrigated soil, while the survival was 51% in 
polA, 61% in lexA and 69% in recA mutants in groundwater irrigated soil extracts as 
compared to their isogenic wildtype counterpart after 6 h of treatment. The survival was 25, 
30, 32, 33 and 35% in the polA strain after 6h of treatment when tested with wastewater 
inigated soil extracts of methanol, acetonitrile, chloroform, hexane and acetone respectively. 
Extracellular treatment of bacteriophage X with the soil extracts of different solvents 
is shown in Figure 2. Soil extracts of wastewater irrigated soil show a higher decline in 
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plaque forming units as compared lo groundwater irrigated soil. Among all the strains, the 
lexh mutant showed the maximum decHne in plaque forming units. Survival was decreased 
up to 22% in lexA and 40% in recA mutants when treated with methanolic extracts of 
wastewater irrigated soil. 
Discussion 
The identification of substances capable of inducing mutations has become an 
important issue in safety assessment (Mortelmans and Zeiger 2000). The most common 
pollutants in India are organochlorine (OC) and organophosphorus (OP) pesticides. The latter 
type is tending to replace the former type due to its fast degradation in the environment 
(Jiries et al., 2002; Golfmopoulos et al., 2003). In India, alarming levels of pesticides have 
been reported in air, water, soil as well as in foods and biological materials (Agarwal el al., 
1986; Hans et al., 1999; Gupta 2004b). 
Analysis of the test soil samples revealed the presence of organochlorine and 
organophosphorus pesticides. Hans et al. (1999) analyzed the soil samples from the drybed 
field of the River Ganges at Kanpur (India) for the pesticides HCH, DDT, their isomers and 
metabolites at three different sites and found residues of both the pesticides in all the 
samples. Mean levels of 109.35, 136.76 and 145.93 |ig HCH/kg and 6.64, 49.3 and 46.7 \ig 
DDT/kg were found in the rural upstream, city and downstream industrial areas, respectively. 
Singh et al. (2004) studied the impact of treated/ untreated wastewater toxicants discharge by 
sewage treatment plants on health, agricultural, and environmental quality in the wastewater 
disposal area. Their data showed elevated levels of heavy metals and pesticides in the 
environment suggesting a definite adverse impact on the environmental quality of the 
disposal area. 
Soil contamination is the result of human activity, including the entry of industrial 
wastes into soil through atmospheric deposition or application of agrochemicals and 
domestic waste to the land. These organic contaminants reduce the soil quality for 
agricultural production. Soils thus play an important role for the global flux of pesticides in 
the environment (Sanghi and Sasi 2001). Soils are very important in the fate and distribution 
of persistent toxic substances in the environment since they have a huge retention capacity 
and they may work as re-emission sources for the atmosphere (Hamer et al., 2001; Barra et 
al., 2005). 
Many genotoxic pollutants have been introduced into soils through anthropogenic 
pathways such as improper disposal of industrial wastes, wastewater irrigation 
(Golfmopoulos et al, 2003; Chen et a/., 2005), pesticide application (Chen et al., 2005) and 
accidental leakage/spoilage occurring during transport and storage of industrial materials 
with increasing industrial production and organic waste release. More attention needs to be 
paid on the ecological risks of genotoxic organic pollutants in terms of their chronic long 
term presence in the soil environment (White and Claxton 2004). There are large numbers of 
short term bioassays for detecting genetic toxicity. These assays utilize a wide range of 
organisms and cell types and measure a variety of different genetic changes. However, there 
is no single test that adequately detects the type of genetic damage that may be induced by all 
chemical classes of genotoxic compounds and/or complex mixtures. Furthermore, only a 
limited number of tests can be utilized for detecting genetic dcimage from hazardous 
industrial waste sites under field conditions (Cabrera and Rodriguez 1999; Aleem and Malik 
2003b). The Salmonella assay has been widely used throughout the world to detect the 
mutagenic activity of complex environmental mixtures (Umbuzeiro et al., 2001). 
In the present study, soil irrigated with wastewater showed an increase in the number 
of revertants by increasing the dose of soil extracts. All the soil extracts gave positive results. 
The methanol extract was the most mutagenic with TA98 and TAIOO strains in the presence 
as well as absence of the S9 fraction. The strain TA98 was the most responsive strain among 
all the strains in term of mutagenic index and induction factor. Aleem and Malik (2003b) 
reported maximum mutagencity with TA98 strain with methanolic extract of the agricultural 
soil irrigated with wastewater of Aligarh. Our results indicated that the TA98 gave best 
response with all the soil extracts. Courty et al. (2004) demonstrated mutagenic activity of 
the four soil extracts on S. typhimurium strains TA98 and TAIOO. They showed a clearly 
dose-related increase in the number of revertants per plate. Wesp et al. (2000) and 
Edenharder et al. (2000) demonstrated that strain TA98 detected the mutagenicity of more 
soil samples (either agricultural, forest or automobile traffic contaminated soils) than strain 
TAIOO. Moreover, strain TA98 detected the mutagenicity of more soil samples than strain 
TAIOO for urban soil samples (Watanabe et al, 2003b) and for carbon industry contaminated 
soil samples (Monarca et al., 2002). 
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rhe survival pattern o( recA. lex A and polA mutants of E. coli K-12 as well as their 
isogenic wildtype counterparts in presence of soil extracts is shown in Fig 1. It is postulated 
that the inducible error prone repair pathway presumably involvnig the recA' and lexA^ 
genes could potentially operate on several types of lesions in DNA. produced by radiation or 
environmental chemicals or by other agents (Malik and Ahmad 1995; Rehana er al., 1996; 
Aleem and Malik 2005). Aleem and Malik (2003b) reported a significant decline in the 
survival of DNA repair defective E. coli K-12 mutants as compared to their isogenic wild 
type counterparts in the presence of different soil extracts of wastewater irrigated agricultural 
soil. Rehana et al. (1996) demonstrated the ability of the Ganges river water concentrates to 
induce the SOS response by means of DNA damage in E. coli cells. The recA, lex A and pol A 
mutants of E. coli were found to be sensitive to the test samples, suggesting damage to the 
DNA of exposed cells as well as a role for recA*, lexA^ and pol A* genes in coping with the 
hazardous effect of pollutant. Aleem and Malik (2005) reported maximum damage to the 
cells in the presence of XAD concentrates as compared to that of liquid-liquid water extracts 
of Yamuna River water at Okhla (Delhi) sampling sites and observed a significant damage in 
lexA and pol A mutants with the test samples. XAD-concentrated and liquid-liquid extracted 
water samples of Okhla exhibited 86.3% and 75.5% decline in survival of pol A strain after 6 
h of treatment 
Extracellular treatment of bacteriophage X, with different soil extracts also resulted in 
significant loss of PFUs (Fig. 2). Vargas et al. (1995) demonstrated that the microscreen 
phage induction assay can detect other DNA damage in addition to different types of 
mutation, suggesting it is a good screening assay of genotoxic compounds present in small 
concentrations in environmental samples. Houk and DeMarini (1987) also reported that 
prophage induction may be useful for screening hazardous wastes, many of which contain 
chlorinated organics and carcinogenic solvents and metals that are refractory in the 
Salmonella assay. Aleem and Malik (2003b) also reported maximum decline in PFUs with 
methanol extract of soil samples. 
Mutagenicity assessment of different soil extracts demonstrated that the soils have 
been polluted by a mixture of genotoxins with both bacterial mutagenic and genotoxic 
effects. These findings clearly indicated that the test samples preferentially acted on G-C 
base pair mutants (frame shift) as compared to those having A-T base pairs at the site of 
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mutation and that the soil extracts also initiated the inducible error prone SOS response in the 
E. coli mutants. In view of the common practice of application of untreated wastewater to 
agricultural land in the neighbouring area (Ghaziabad) should be strictly prohibited as 
pollutants might enter the food chain and cause health hazards to humans. 
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Table 1. Pesticide residues in soil samples as determined by gas chromatography 
Pesticides 
Qrganochlorines (OC) 
Concentration (ng/kg) 
Groundwater irrigated soil Wastewater irrigated soil 
T-BHC 
T-endosulfan 
p, p'-DDE 
p, p'-DDT 
o, p'-DDE 
o, p'-DDT 
Dieldrin 
Aldrin 
2.3±0.11 
0.32±0.06 
] .07±0.09 
i.26±0.i3 
NO 
ND 
0.07±0.01 
0.02±0.01 
12.68±2.57 
2.24+0.25 
10.94±1.89 
5.62±2.38 
ND 
ND 
1.59±0.32 
0.78±0.06 
Organophosphorus (OP) 
Dimethoate ND 
Malathion 0.03±0.01 
Methyl parathion 0.04±0.01 
Chlorpyrifos ND 
0.57±0.11 
0.98±0.32 
1.11±0.29 
0.65±0.08 
ND = Not detected 
Each value is the mean of six replicates ± SD. 
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Table 7. Mutagenicity of soil extracts in strains TA98 and TAIOO, expressed as 
induced revertants per gram soil equivalent 
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Figure 1. Survival of £. coli K-i2 strains (wildtype (recA^, lexA^), recA^, lexA^, polA^, 
polA') treated with soil extracts; Groundwater irrigated soil (GW) and Wastewater 
irrigated soil (WS): (a) methanol extract (GW), (a') methanol extract (WS): (b) 
acetonitrile extract (GW), (b') acetonitrile extract (WS); (c) chloroform extract (GS), (c') 
chloroform extract (WS); (d) hexane extract (GW), (d') hexane extract (WS) and (e) 
acetone extract (GW), (e') acetone extract (WS). 
138 
TIME (h) 
Figure 2. Survival of extracellularly treated bacteriophage X, with soil extracts; 
Groundwater irrigated soil (GW) and Wastewater irrigated soil (WS): (a) methanol 
extract (GW), (a') methanol extract (WS); (b) acetonitrile extract (GW), (b') acetonitrile 
extract (WS); (c) chloroform extract (GS), (c') chloroform extract (WS); (d) hexane 
extract (GW), (d') hexane extract (WS) and (e) acetone extract (GW), (e') acetone extract 
(WS). 
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Summary 
Wastewater is commonly utilized for agricultural lands in India and countries in arid 
and semi-arid areas; or disposed into fresh water streams, which again can be used for 
agricultural purposes. Although this treatment generally increases crop production, however, 
it results in the accumulation of toxic substances in soil and in the crop as sewage is usually 
contaminated with pollutants such as heavy metals and polychlorinated substances from 
domestic and industrial wastes that enter into the sewer system. Industrial and agricultural 
activities have led to a substantial release of toxic heavy metals in the environment, which 
can constitute a major nazaru lor tue ecosystem anu human nealtn. 
Antibiotic resistance is a public health concern of great urgency due to growing 
inefficacy of antimicrobial agents to treat infectious diseases. This is mainly due to the 
propagation of antibiotic resistance genes among bacteria, which is exacerbated by the 
overuse of antimicrobials in humans and the intensive use of antibiotics in animal agriculture. 
The use of antibiotics for clinical and veterinary purposes has become widespread from the 
late sixties, and it is therefore not surprising that antibiotic-resistant bacteria have become 
common. 
Pollution of environmental waters is a serious and growing problem all over the 
world. Although there is legislation dealing with this problem in various countries, water 
pollution from toxic chemicals still occurs. Aquatic organisms, such as fishes and moUusks, 
accumulate pollutants directly from contaminated water and indirectly through the ingestion 
of contaminated organisms. Genotoxic pollutants contaminate not only aquatic organisms but 
also the whole ecosystem and in the end, humans through contamination of our food. 
The demonstration that wastewater can induce genotoxic effects in aquatic and 
terrestrial species has stimulated interest in this area. Progress in this field is in large part due 
to the development and wide spread use of short-term genetic bioassays. Their simplicity, 
relative speed and low cost in experimentation, and small amount of samples required for 
analysis have permitted research in genetic toxicology to flourish. Results from genetic 
bioassays are relevant to human health because the toxicological target is DNA which exists 
in all forms of life. 
This study was focused to assess the genotoxicity of wastewater and soil irrigated 
with wastewater of Ghaziabad City (India) to predict the putative hazards of industrial and 
domestic waste. An additional aim of the study is to test heavy metals and antibiotics 
resistance in bacteria and biosorption potential of metals by multi-metal resistant isolates. 
The findings of the study along with their explanations are summarized as under: 
I. Quantitative determination of heavy metals and microbial flora of wastewater and 
soil 
> The atomic absorption spectrophotometric analysis of heavy metals (Cd, Cr, Cu, Fe, Ni, 
and Zn) in the test samples (wastewater and soil) from Ghaziabad (India) revealed high 
levels of Fe, Cr, Cu, Ni, and Zn in all the seasons. As compared to wastewater, soil 
contained higher levels of heavy metals. 
> Total coliforms, fecal coliforms and fecal streptococci were higher in wastewater samples 
as compared to that of soil, but the number of Pseudomonas was much lower in 
wastewater than soil irrigated with wastewater. 
> The total aerobic heterotrophic bacteria, fungi, actinomycetes and asymbiotic N2 fixers 
were estimated in the wastewater as well as in soils. Microbial counts were evaluated on 
nickel and cadmium amended plates in the concentrations ranging from 50-200 |j.g/ml. 
> It was found that microbial count was highest when no metal added, but with increasing 
metal concentrations, a gradual decline in their numbers have been observed. The 
concentration 200 |ag/ml of Cd and Ni inhibit majority of the microbial population. 
> The microbial count data of the test samples were adjusted to an exponential decay model 
at tne mcreasmg meiai concentrations, ine vaiues 01 tne siope t^p), correiauon coeificient 
(R) and residual mean square (RMS) were calculated by curve fitting for soil and 
wastewater samples. Asymbiotic N2 fixers were found to have maximum R and p values 
and minimum RMS value in soil at different concentrations of Ni and Cd. 
These findings clearly indicated that test wastewater and soil samples contained several 
heavy metals, high number of total coliform, fecal coliform and fecal streptococci; and data 
revealed that asymbiotic N2 fixers are the most affected microbial group with increasing 
concentration of heavy metals. The Present study also indicated that not all species have 
evolved resistance mechanisms for metals. Many sensitive species might have been 
eliminated by the pollutants and their place is taken by the resistant species which have 
i l l 
different ecological properties. The resistant microorganisms often failed to perform specific 
ecological functions. To some extent, sensitive microorganisms not reached by heavy metals 
(e.g. inside micro aggregates) may have also contributed to the microbial counts. 
II. Heavy metal and antibiotic resistance in bacteria 
A total of 50 bacterial isolates from the wastewater and 75 from soil of Ghaziabad were 
isolated. All these bacterial isolates were tested for their resistance against different metal 
ions I.e. iNi , i^ Q , cu , /.n , ro , and Hg . 
> High level of metal resistance was observed in bacteria isolated from wastewater and soil. 
Most of the isolates showed MIC of more than 200 |J.g/ml to these metals. Further, MIC 
values upto 6400 |a,g/ml were recorded. Majority of the isolates from wastewater and 
contaminated soil were resistant to multiple metal ions. 
> All the bacterial isolates were also tested for their sensitivity against different commonly 
used antibiotics/drugs and most of the isolates were resistant to multiple antibiotics. 
> All the bacterial isolates were also screened for their plasmid DNA. It was found that 
some of the bacterial isolates from wastewater and soil harbour one or more plasmids. 
> Some of the multiple antibiotic resistant bacterial isolates were also tested for the 
presence of the antibiotic resistance genes and transfer genes and the relaxase encoded by 
the Staphylococcus plasmid pSK41 and pT181. Four isolates (WS34, WS36, WS39 and 
WS40) were positive for mecA, and all the tested isolates were positive for ermB, tetM 
and isolates WS36 and WW26 were positive for vanB. 
> The DNA derived from multiple metal and antibiotic resistant bacterial isolates was also 
PCR amplified with Inc-specific primers and plasmid-specific sequences were analysed 
by dot blot hybridisation. All the samples gave positive PCR products and hybridized 
with trfA2 and orzT primers of the IncP group. 
These findings indicated that bacteria from wastewater and soil have develop resistance 
to multiple metals and antibiotics. All the isolates from wastewater irrigated agricultural soil 
resistant to multiple metals and antibiotics contain the IncP replication gene trfA2 and the 
IncP oriT. Therefore, all these isolates carrying conjugative IncP plasmids have gene 
mobilizing capabilities which can result in the spread of multiple antibiotic and heavy metal 
resistance genes to the native bacterial soil population and to pathogens transferred to the soil 
by wastewater irrigation. Conjugative transfer of these genes helps generate multiple resistant 
pathogens with potential of being incorporated by human beings via the food chain. 
Ill: Biosorption of nickel and cadmium by metal resistant bacteria 
> Multiple metal resistant bacterial isolates were selected for biosorption of nickel and 
cadmium at different pH and initial metal concentrations. 
> The biosorption of Ni increases from 24.55 to 92.92 mg/g of cell (dry wt.) and Cd from 
16.30 to 82.28 mg/g of cell (dry wt.) at a concentration ranging from 100 to 400 [ig/ml 
after 2 h of incubation at pH 5 in single metal solution by E. coli WSl 1. 
> Biosorption data of nickel and cadmium by E. coli isolates revealed that biosorption 
increases as the initial metal concentration in the reaction mixture increases. 
> Nickel biosorption by two isolates WW8 and WW41 (both from wastewater) was higher 
in bimetal system as compared to single metal system. While the two isolates WSll and 
WS30 from soil showed lower biosorption in bimetal solution as compared to single 
metal system. 
> Four selected bacterial isolates (two each from wastewater and soil) were identified as 
Escherichia coli by 16S rDNA sequencing. 
> The results obtained shows that WS11 isolate has a higher binding capacity (X'f) to nickel 
in the single metal solution than other bacterial isolates, while it has lower binding 
capacity for cadmium. 
The metal resistance and biosorption potential of the isolates demonstrated that these 
bacteria could be exploited in the bioremediation of Ni and Cd from wastewater and soil. 
However, the present study also indicated that despite these toxic stresses, these bacterial 
isolates had evolved resistance mechanisms to deal with metal toxicity, which included 
volatalization, extracellular precipitation and exclusion, binding to cell surface, and 
intracellular sequestration. 
IV: Genotoxicity of the wastewater 
> Gas chromatographic analysis of the two different sampling sites (Site I and Site II) 
revealed the presence of certain organochlorine and organophosphorus pesticides. 
> Sampling sites (1 and II) showed the presence of BHC, DDE, DDT, Dieldrin, Aldrin, 
Endosulfan and organophosphorus pesticides Dimethoate, Malathion, Methylparathion 
and Chlorpyrifos. The level of these pesticides in site II was comparatively lower to that 
of site I. 
> The mutagenicity of the wastewater samples was evaluated with XAD concentrated and 
liquid-liquid extracted wastewater and it was found that the test sample showed 
maximum response with TA98 strain in the presence as well as in the absence of S9 
fraction in both the sam^lin" sites. 
> XAD concentrated samples show maximum mutagenic index of 16.5 (without S9 
fraction) and 18.4 (with S9 fraction) in site I, while site II exhibited less mutagenic 
activity (Mutagenic index =14.7 and 16.9) in the absence and presence of S9 fraction in 
the TA98 strain. 
> TA98 also showed maximum response in terms of induction factor (Mi) and slope (m) of 
the initial linear dose response curve as determined by linear regression analysis up to the 
increasing dose-response. 
> The order of responsiveness for most responsive tester strains based on the mutagenic 
index, induction factor and slope (m) in the presence and absence of S9 fraction for XAD 
concentrated samples were as follows: TA98 > TA97a > TAIOO. 
> Liquid-liquid extracted samples, the number of revertants increases with increasing dose 
up to 20 |j,I/plate. Again, the liquid-liquid extracted sample of site I was found to be more 
mutagenic as compared to site II. 
> The recA, lexA, and polA mutants ofE. coli K-12 were highly sensitive in the presence of 
test samples (XAD-concentrated and liquid-liquid extracted) of Site I and Site II. All the 
mutants invariably exhibited a significant decline in their colony forming units (CPUs) as 
compared to their isogenic wild type counterparts. The lexA and polA mutants were found 
to be the most sensitive strains. 
> The damage brought about in the cell in the presence of XAD-concentrates was found to 
be remarkably high as compared to liquid-liquid water extracts of the test sampling sites 
at the dose level of 20 i^l/ml of culture. 
> XAD concentrated samples of site I displayed maximum decline and survival was 18% 
in polA, and 31% in lexA, while in site II, the survival was 23% in polA, and 39% in 
lex A mutants. 
> Extracellular treatment of bacteriophage X with test samples also resulted in significant 
loss of plaque forming units. 
> Again significant decline was observed with XAD concentrated sample, which was 17% 
in lex A, and 27% in recA in sample I, and sample II showed a survival of 19% in lex A 
and 30% in recA. m.utants. 
> Similarly liquid-liquid extracted water sample I showed more decline in survival (21 in 
lexA and 31% in recA mutants respectively) in comparison to sample II (24 and 33% in 
lex A and recA mutants respectively) after 6h of treatment of the bacteriophage lambda. 
V; Genotoxicity of agricultural soil irrigated with wastewater 
> Gas chromatographic analysis of the wastewater irrigated soil samples revealed the 
presence of certain organochlorine and organophosphorus pesticides. 
> Soil samples were extracted with different solvents (methanol, acetonitrile, chloroform, 
hexane and acetone) and assayed for mutagenicity using Ames Salmonella test. 
> Agricultural soil irrigated with wastewater was found to be most responsive to the 
Salmonella tester strains as compared to that of ground water irrigated soil. 
>• All the samples exhibited maximum mutagenicity with TA98 and TAIOO strains in the 
presence as well as in the absence of S9 fraction. There was an increase in the reversion 
of tester strains with increasing dose upto 40 f l^/plate and a decline at the dose of 80 
l^i/plate. 
> Extracts of soil with methanol were found to be more mutagenic in agricultural soil 
irrigated with wastewater than other extracts. Extraction of soil with acetonitrile, 
chloroform, hexane and acetone also displayed the maximum mutagenicity with TA98 
strain both in the presence and absence of S9 fraction. 
> The order of mutagenicity for different soil extracts of wastewater irrigated soil in terms 
of mutagenic potential of the initial linear dose response for the most responsive strain 
TAIOO with and without S9 fraction was in the following order: Methanol > Chloroform 
>Acetonitrile > Hexane > Acetone. 
> The order of mutagenicity of different soil extracts of ground water irrigated soil in terms 
of slope (m) with and without S9 fraction for the maximum responsive strain i.e. TA98 
was as, Methanol > Acetonitrile > Hexane > Chloroform > Acetone 
> The methanolic extracts showed maximum number of net revertants per gram of soil for 
TAIOO in the absence (938 revertants/g of soil equivalent) as well as in the presence of 
S9 fraction (1008 revertants/g of soil equivalent). The mutagenic activity was enhanced 
in the presence of S9 for all the soil extracts tested. 
> As compared to their isogenic wild-type, the survival was declined in recK, lexA and 
polK mutants ofE. coli K-12 with different soil extracts. 
> polA and lexA mutants were the most sensitive strains when tested with soil extracts but 
the decline was more pronounced when they were treated with extracts of soil irrigated 
with wastewater than ground water extracted soil. 
> The wastewater irrigated soil extracts displayed maximum decline in survival as 
compared to ground water irrigated soil extracts. The survival was 25% in polA, 45% in 
lexA and 52% in recK mutants when treated with methanolic extracts of wastewater 
irrigated soil, while the survival was 51% mpolA, 61% in lex A and 69% in recA mutants 
in ground water irrigated soil extracts as compared to their isogenic wild-type counterpart 
after 6 h of treatment. 
> Soil extracts (wastewater irrigated) also show a maximum decline in plaque forming units 
as compared to ground water irrigated soil. Among all the strains, lexA mutant shows 
maximum decline in plaque forming units. 
> The methanolic extracts of wastewater irrigated soil show a decrease in survival upto 
z,z,/o 111 icA,r\ aiiu TU/0 ill / ecrv iiiuiaiii;>. 
Mutagenicity assessment of wastewater and soil demonstrated that it has been polluted by 
a mixture of genotoxins with both bacterial mutagenic and genotoxic effects. These findings 
clearly indicated that the test samples preferentially act on G-C base pair mutants (frame 
shift) as compared to those having A-T base pairs at the site of mutation and also initiate the 
inducible error prone SOS response within the wastewater and soil extracts treated E. coli 
mutants. In view of the common practice of application of untreated wastewater to 
agricultural land in the neighboring area should be strictly prohibited as the pollutants might 
enter into the food chain and cause health hazards to humans. 
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Abstract Wastewater and soil samples were col-
lected from the industrial area of Ghaziabad City, 
India from January 2005 to December 2007 and 
were analyzed for the presence of heavy metals by 
atomic absorption spectrophotometry. Test sam-
ples revealed high levels of Fe, Cr, Cu, Ni, Zn, 
and Cd as 967.03, 34.63, 27.97, 19.7, 16.70, and 
3.20 mg/L of wastewater, respectively. The con-
centrations of inorganic minerals were higher in 
the soy samples irrigated with wastewater. Total 
coliforms were found to be maximum (1,133 x 10* 
most probable number per 100 mL) during spring 
and summer followed by winter and postmonsoon 
in the wastewater samples. The microbial count 
in soil as well as in wastewater decreases as the 
metal concentration increases. The concentration 
200 lag/mL of nickel and cadmium inhibits ma-
jority of the population, while, at some points, it 
inhibits 100% of the population. The exponential 
decay model for microbial count at the increasing 
metal concentrations indicate that asymbiotic N2 
fixers were best fitted to the model. In all the 
seasons, the order of decline in terms of exponen-
tial decay of the population of different microbial 
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groups in soil was asymbiotic N2 fixers > actino-
mycetes > fungi > aerobic heterotrophic bacteria. 
The different microbial groups that have different 
values of slope in different seasons indicate that 
the resistant population of microorganisms was 
variable with seasons. 
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Introduction 
The soil is a Ions-term sink for the *^rou^ of po-
tentially toxic elements often referred to as heavy 
metals like zinc, copper, nickel, lead, chromium, 
and cadmium. While these elements display a 
range of properties in agricultural soil, including 
differences in mobility and bioavailability, leach-
ing losses and plant uptake arc usually relatively 
small compared to the total quantities entering 
the soil from different diffuse and agricultural 
sources. As a consequence, these potentially toxic 
elements slowly accumulate in the soil profile over 
long periods of time. This could have long-term 
implication for the quality of agricultural soils, 
including phytotoxicity at high concentrations, the 
maintenance of soil microbial processes, and the 
transfer of zootoxic elements to the human diet 
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for more then two decades. For each field, 1 kg 
of soil from four different sites within the field 
was collected and composite samples of 4 kg were 
prepared, 
Physicochemical characteristics of soil 
Physical characteristics of the soil such as texture, 
pH, water content, and organic carbon were de-
termined as described in Gupta (2004). 
lieavy rnetal analysis of ilic soil and wasicwaier 
The soil samples were oven dried (40°C), finely 
ground (<0.1 mm), and were burned into ashes 
in a crucible. Ashes of 1 g of soil sample were 
taken in a conical flask. The samples were moist-
ened with 1 mL of double-distilled water. Then, 
concentrated HCl and HNO3 were successively 
added in a 3:1 ratio. The flask was heated gently 
on a heating plate until the sample was diges-
ted, indicated by the formation of a clear so-
lution above the soil residue. The mixture was 
reduced to a volume of 1 mL. Double-distilled 
water was added until a final filtrate volume of 
100 mL was reached and filtered through What-
man filter paper nos. 1 and 42. Digested soil sam-
ples were analyzed for metal concentraUons using 
atomic absorption spectrophotometry (Malik and 
Jaiswal 2000). Atomic absorption spectropho-
tometer model GBC 932 Plus (GBC, Australia) 
was used for the determination of heavy metals. 
All chemicals used were of analytical grade and 
solutions were prepared in double-distilled water. 
Twenty-five milliliters of water obtained as 
described earlier was taken in a conical flask. 
It was then digested with nitric acid/perchloric 
acid as described in the Standard Methods 
(APHA 1995). Digested water samples were an-
alyzed for heavy metals using atomic absorption 
spectrophotometry. 
Culture media and conditions for enumeration 
of microbial population 
Total numbers of cullurable heterotrophic aero-
bic bacteria and colony-forming units (CFU) of 
fungi, actinomycetes, and asymbiotic nitrogen fix-
ers were determined by serial dilution and plating 
on selective media. Serial dilutions of wastewater 
(10 mL) and soil (10 g fresh weight) were made 
in 90 mT- of norma! sahne solution. Bacteria were 
counted at 30°C after 3-5 days of incubation on 
nutrient agar (peptic digest of animal tissue, 5 g/L; 
sodium chloride, 5 g/L; beef extract, 1.5 g/L; yeast 
extract, 1.5 g/L; agar, 15 g/L). Fungi were grown 
at 28°C for 5 days on rose Bengal agar (glu-
cose, 10 g/L; peptone, 5 g/L; dipotassium hydrogen 
phosphate. 1 g/L; magnesium sulfate, 0.5 g/L; rose 
Bengal, 0.033 g/L; agar, 15 g/L). Actinomycetes 
were cultivated at 28° C lor 7 days on Kennight 
medium (dextrose, 1 g/L; potassium dihydrogen 
orthophosphate, 0.1 g/L; sodium nitrate, 0.1 g/L; 
potassium chloride, 0.1 g/L; magnesium sulfate, 
0.1 g/L; agar, 15 g/L). Asymbiotic nitrogen fixers 
were grown on Jensen's medium (sucrose, 20 g/L; 
dipotassium phosphate, 1 g/L; magnesium sulfate, 
0.5 g/L; sodium chloride, 0.5 g/L; ferrous sulfate, 
0.1 g/L; sodium molybdate, 0.005 g/L; calcium 
carbonate, 2 g/L; agar, 15 g/L). 
Statistical analysis 
Cell count data at different metal concentrations 
were adjusted to the exponential decay model of 
the form: 
Nc = Noe- -jit 
where N^ is the number of bacterial cell at c 
concentration, NQ is the number of bacteria at 
zero concentration, and c is the concentration of 
metal used. 
The value of the slope (/?), correlation coeffi-
cient (R), and residual mean square (RMS) were 
obtained by curve fitting. The higher value of R 
and lower value of RMS represent the best bacte-
rial cell count decay. 
Results 
The physicochemical analysis of wastewater and 
soil samples is presented in Table 1. Test samples 
collected from Ghaziabad wastewater drainage 
show pH in the range of 6.70-6.93. while the pH 
of agricultural soil irrigated with wastewater was 
in the range of 8.10-8.37. The soil of the sampling 
site is alluvial. The soil texture analysis showed it 
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to be a loamy soil having 20.1% to 20.5% water 
conlenl and 0.43% to 0.47% organic carbon. No 
.significant difference was observed in pH, wa-
ter conlenl, and percent organic carbon during 
the different seasons. Inorganic minerals such as 
sulfate, nitrate, phosphate, calcium, and magne-
sium were present in variable concentrations in 
the test samples. The concentrations of all the 
minerals were lower in the postmonsoon season. 
Majority of the minerals detected in the test soil 
and wastewater were much higher in summer, 
while phosphate, nitrate, and calcium were low 
during summer in the wastewater. The maximum 
concentration of magnesium, phosphate, sulfate, 
nitrate, and calcium was found to be 98.77 ± 
4.55, 2.50 ± 0.49, 117.8 ± 11.1, 1.9 ± 0.4, and 
108.1 ± 7.1 mg/L in the wastewater, respectively. 
Compared to wastewater, the concentrations of all 
the inorganic minerals were recorded higher in the 
soil (Table 1). 
The atomic absorption spectrophotometric 
analysis of heavy metals (Cd, Cr, Cu, Fe, Ni, 
and Zn) in the test samples from Ghaziabad re-
vealed high levels of Fe, Cr, Cu, Ni, and Zn 
in all the seasons. Compared to wastewater, soil 
contained higher levels of all these metals. The 
maximum concentration of Cd, Cr, Cu, Fe, Ni, 
and Zn recorded in the wastewater was 3.4 ± 0.8, 
36.4 ± 4.4, 30.4 ± 7.9, 1,047.7 ± 111.62, 27.1 ± 4.1, 
and 24.2 ± 4.3 mg/L during the summer season, 
respectively (Table 1). 
The data presented in Figs. 1 and 2 reflect 
the seasonal variation in wastewater and soils of 
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Fig. 1 MPN of the different groups of indicator bacteria 
in wastewater 
Fig. 2 MPN of the different groups of indicator bacteria 
in soil 
the same area. The microbial count of different 
indicator bacteria including Pseudomonas were 
determined in the wastewater as well as in the soil 
samples and a higher number of total coliform, fe-
cal coliform, and fecal streptococci was observed 
in wastewater samples compared to that of the 
soil, but the reported number of Pseudomonas 
was much lower in wastewater than soil irrigated 
with wastewater (Figs. 1 and 2). Total coliforms 
were found to be much higher (1,133 x 10'' most 
probable number (MPN)/100 mL) during spring 
and summer followed by winter and postmon-
soon in wastewater, while the soil contained much 
higher coliforms in summer followed by winter, 
spring, and postmonsoon. 
The total aerobic heterotrophic bacteria, fungi, 
actinomycetes, and asymbiotic NT fixers were also 
estimated in the wastewater as well as in the 
soils. The counts of the resistant population of all 
these miicroorganisms were evaluated on nickel-
and cadmium-amended plates in the concentra-
tions ranging from 50 to 200 (ig/mL. It was found 
that microbial count was highest when no metal 
was added, but with increasing metal concentra-
tions, a gradual decline in their numbers have 
been observed. The concentration 200 ug/mL of 
Cd and Ni inhibits majority of the population. 
Nickel inhibits 100% of the population of actino-
mycetes and asymbiotic N2 fixer at 200 ).ig/mL 
in spring, summer, and postmonsoon, while Cd 
inhibits 100% of the population of fungi, actino-
mycetes, asymbiotic N2 fixer, and fungi at the 
same concentration in all the seasons (Tables 2 
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Table 4 Correlation coefficient (R). slope, and res 
mode! for water and soi 
Seasons 
Winter 
(December-January) 
vSpring 
(March-April) 
Summer 
(May-June) 
Postmonsoon 
(August-September) 
1 at nickel 
Microbial population 
Bacteria 
Fungi 
Aclinomvcetes 
Asymbiotic Ni fixers 
Bacteria 
Fungi 
Actinomycetes 
Asymbiotic Ni fixers 
Rarti^ria 
Fungi 
Actinomycetes 
Asymbiotic N2 fixers 
Bacteria 
Fungi 
Actinomycetes 
Asymbiotic N2 fixers 
idual mean 
R 
Water 
0.9628 
0.9995 
0.9953 
0.9990 
0.9890 
0.9978 
0.9675 
0.9998 
0.9883 
0.9870 
0.9975 
0.9993 
0.9924 
0.9945 
0.9741 
0.9999 
square (RMS) values 
Soil 
0,9203 
0.9923 
0.9996 
1.0000 
0,9915 
0.9854 
1.0000 
1.0000 
0.9739 
0.9971 
0.9941 
1.0000 
0.9992 
0.9938 
0.9738 
0.9999 
Slope 
Water 
0.0030 
0.0367 
0.0267 
0.0175 
0.0038 
0.0217 
0.0186 
0.0426 
0.017! 
0.0117 
0.0295 
0.0351 
0.0132 
0.0260 
0.0195 
0.0352 
obtained for 
Soil 
0,0033 
0.0074 
0.0372 
0.0539 
0.0036 
0.0062 
0.0794 
0.0469 
0.0077 
0.0071 
0.0239 
0.0644 
0.0261 
0.0042 
0.0191 
0.0428 
the cxponi 
RMS 
Water 
0.0435 
0,0039 
0.0205 
0.0028 
0.0139 
0.0076 
0.0934 
0.0016 
0.0269 
0.0287 
0.0125 
0.0050 
0.0153 
0.0231 
0.0781 
0.0005 
ential decay 
Soil 
0.0987 
0.0120 
0.0029 
0.0007 
0.0101 
0.0205 
<. 0.0001 
0.0003 
0.0450 
0.0046 
0.0224 
< 0.0001 
0.0031 
0.0076 
0.0778 
0.0015 
The microbial count data of the test samples 
were adjusted to an exponential decay model at 
the increasing metal concentrations (Figs. 3 and 
4). The values of R, ji, and RMS were calculated 
by curve fitting for soil and wastewater samples. 
Asymbiotic N2 fixers were found to have maxi-
mum R and ^ values and minimum RMS value in 
soil at different concentrations of Ni and Cd. This 
indicates that asymbiotic N2 fixers were best fitted 
to the exponential decay model. In all seasons, 
the order of decline in terms of exponential decay 
of the population of different microbial groups in 
soil was as follows: asymbiotic NT fixers > actino-
mycetes > fungi > aerobic heterotrophic bacteria. 
The effect of different metal concentrations on 
the population of a particular microbial group 
in different seasons was variable. The different 
microbial groups that have different p values in 
Table 5 Correlation coefficient (/?), slope, and residual mean square (RMS) values obtained for the exponential decay 
model for water and soil at cadmium 
Seasons 
Winter 
(December-January) 
Spring 
(March-April) 
Summer 
(May-June) 
Postmonsoon 
(August-September) 
Microbial population 
Bacteria 
Fungi 
Actinomycetes 
Asymbiotic N2 fixers 
Bacteria 
Fungi 
Actinomycetes 
Asymbiotic N2 fixers 
Bacteria 
Fungi 
Actinomycetes 
Asymbiotic N2 fixers 
Bacteria 
Fungi 
Actinomycetes 
Asvmbiotic N-^  fixers 
R 
Water 
0.9575 
0.9993 
0.9968 
0.9989 
0.9971 
0.9982 
0.9873 
0.9999 
0.9894 
0.9980 
0.9969 
0.9992 
0.9801 
0.9971 
0.8871 
0.9991 
Soil 
0.9141 
0.9936 
0.9996 
1.0000 
0.9937 
0.9945 
1.0000 
1.0000 
0.9873 
0.9952 
0.9985 
1.0000 
0.9914 
0.9730 
0.9934 
1.0000 
Slope 
Water 
0.0039 
0.0355 
0.0284 
0.0172 
0.0045 
0.0239 
0.0224 
0.0452 
0.0173 
0,0236 
0.0285 
0.0346 
0.0230 
0.0288 
0.0137 
0,0343 
Soil 
0.0048 
0.0089 
0.0373 
0.0588 
0.0045 
0.0063 
0.0825 
0.0485 
0.0092 
0,0085 
0,0301 
0,0702 
0.0260 
0.0040 
0.0246 
0.0431 
RMS 
Water 
0.0529 
0.0046 
0.0150 
0.0029 
0.0038 
0.0067 
0.0442 
0.0011 
0.0246 
0.0074 
0.0148 
0.0054 
0.0551 
0.0140 
0.2415 
0,0057 
Soil 
0.1193 
0.0110 
0.0032 
0.0001 
0.0079 
0.0078 
< 0.0001 
0.0002 
0.0236 
0.0079 
0.0075 
< 0.0001 
0.0303 
0,0316 
0.0256 
0.0004 
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selective media, including those targeted at iden-
tifying C substrate utilization patterns, should pro-
vide conditions favorable for the growth of a high 
proportion of those bacteria extracted (Balcslra 
and Misaghi 1997). Nonetheless, even if a range 
of growth media are used, the so-called viable 
but nonculturable bacteria will not be detected 
(Taylor et al. 2002). 
Our data on microbial count shows that the 
populations were low in the postmonsoon season, 
[^amalakshmi and Raj (200.'^ ) reported that the 
total bacteria, fungi, aclinomycetes, diazotrophs, 
Azotobacter, and phosphobacteria ranged from 
144 to 760 X 10^ 4 to 66 X 10^ 14 to 28 x 10^ 
48 to 148 X 10*, 19 to 84 x 10^, and 2 to 95 x 10^ 
CFU/g, respectively, during April-August when 
the moisture content varied from 6.0% to 7.4% 
and 125 to 586 x 10\ 6 to 18 x 10\ 6 to 55 x 10^ 
27 to 84 X lif, 20 to 26 x 10\ and 31 to 76 x 10^ 
respectively, during September-December when 
the soil moisture content increased and ranged 
from 10.8% to 17.3% and 85 to 92 x 10^ 15 to 
46 X 10\ 3 to 8 X 10^ 43 to 71 x 10^ 16 to 42 x 
10^, and 23 to 36 x 10-* CFU/g, respectively, during 
January-March when the moisture content varied 
from 8.2 to 13.0. 
Present findings revealed that asymbiolic N2 
fixers are the most affected microbial group with 
increasing concentration of heavy metals. They 
are more sensitive to heavy metal contamination. 
Oliveira and Pampulha (2006) also found that aer-
obic heterotrophs and asymbiotic nitrogen-fixing 
bacteria seem to be more sensitive to heavy metal 
contamination than the other microbial groups 
and a decrease in population size of about 47% 
and 77% in 2003 and 67% and 77% in 2004, 
respectively. Differences in the viable count of 
fungi and aclinomycetes were significant; how-
ever, these two microbial groups seemed to be less 
sensitive to the presence of heavy metals (Oliveira 
and Pampulha 2006). Yao et al. (2007) found that 
the number of fiving bacteria and fungi decreases 
with increasing concentration of Cd and further 
suggests that the soil microbial activity has been 
inhibited. 
Yang et al. (2006) reported that the bacterial 
population of hemlock soil ranged from 2.1 ± 
1.2 X 105 to ^i j _ 0.1 x 10^ CFU/g soil, while the 
content of nitrogen-fixing microbes ranged from 
2.5 ± 0.2 X 10' to 3.2 ± 1.7 x 10* CFU/g of 
soil. They also reported that the bacterial, fun-
gal and actinomycetes populations in the summer 
season usually had higher values than those in 
the winter season. Statistical analysis of bacterial, 
actinomycetes, and fungal population showed no 
significant difference between summer and win-
ter seasons. Chandy (1999) tested the inhibitory 
effect of 16 heavy metals on bacteria at five dif-
ferent concentrations and found a gradual decline 
in their growth with the increasing concentration 
of heavy metals. Moreover, several workers have 
also reported that heavy metals introduced into 
the water not only bring about several chemical 
changes and high degree of variation in metal 
concentration but also affect the entire ecosystem 
including the bacterial population (Moore and 
Ramamoorthy 1984; Brooke 1995; Oliveira and 
Pampulha 2006). 
Wei and Morrison (1992) demonstrated that 
all bacterial communities in urban river soils 
were stimulated by the addition of glucose sub-
strates. Addition of sugar beet (mainly glucose) 
also markedly enhanced the numbers of total 
soil heterotrophs (Falih and Wainwright 1996). 
The present experiment reveals that the addition 
of heavy metals at lower concentration did not 
affect the bacterial population, but there was a 
decHne in actinomycetes and asymbiotic N2 fixers. 
This is proved by high R and p values and low 
RMS values of actinomycetes and asymbiotic N2 
fixers. Tam (1998) found that the soil leaching 
experiment with sewage addition, despite their 
heavy metal content, did not inhibit any, micro-
bial and biochemical activities in mangrove soil 
for 10 weeks. The organic matter and nutrients 
present in wastewater sometimes stimulated the 
growth and activities of microorganisms in the 
soils. Dar (1996) reported that the addition of 
Cd at 10 \iglg of soil had no significant effect on 
microbial biomass or enzyme activities, but high 
concentrations of Cd caused significant inhibi-
tions on dehydrogenase and alkaline phosphatase 
activities. 
The high bacterial counts and microbial ac-
tivities recorded in wastewater-treated soils may 
also be explained by the presence of surviving 
microorganisms originally resistant to heavy 
metal pollution and the adaptation and/or mu-
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A B S T R A C T 
Soil samples from agricultural fields (cultivated) in the vicinity of industrial area of Ghaziabad City (India) 
were collected. In this city, wastewater coming from both industrial and domestic sources and without any 
treatment is used to irrigate the food crops. This practice has been polluting the soil and pollutants might 
reach the food chain. Gas chromatographic analysis show the presence of certain organochlorine (DDE, 
DDT, dieldrin, aldrin and endosulfan) and organophosphorus (dimethoate, malathion, methylparathion 
and chlorpyrifos) pesticides in soil samples. Samples were extracted using different solvents, i.e. methanol, 
chloroform, acetonitrile, hexane and acetone (all were HPLC-grade, SRL, India), and the extracts were 
assayed for genotoxic potential using Ames Salmonella/microsome test, DNA repair defective mutants 
and bacteriophage X systems. TA98 and TAIOO were found to be the most sensitive strains to all the soil 
extracts tested. Methanol extracts exhibited a maximum mutagenicity with TA98 strain (540 (-S9) and 
638 (+S9) revertants/g of soil} and 938 (-S9) and 1008 (+S9) revertants/g of soil with TAIOO strain. The 
damage in the DNA repair defective mutants was found maximum with methanolic extract followed by 
acetonitrile, chloroform, hexane and acetone at the dose level of 40(j,l/ml culture after 6 h of treatment. 
The survival was 25, 30,32,33 and 35% in polA strain after 6 h of treatment when tested with wastewater 
irrigated soil extracts of methanol, acetonitrile, chloroform, hexane and acetone, respectively. A significant 
decrease in the plaque forming units of bacteriophage \ was also observed when treated with 40 (xl of test 
samples. Present results showed that methanolic extracts of soil were more toxic than other soil extracts. 
The soil is accumulating a large number of pollutants due to wastewater irrigation and this practice of 
accumulation has an impact on soil health. 
© 2009 Elsevier B.V. All rights reserved. 
1. Introduction 
Land application of wastewater has been a worldwide agri-
cultural practice in many countries from several decades [1-4]. 
However, long-term irrigation with industrial effluent mixed with 
the municir^al wastewater has resulted in the excessive *_ a » . \ . U H J U -
lation of toxicants in agricultural soils (such as heavy metals and 
poiychlorinated substances from domestic and industrial wastes 
that enters the sewer system) and has brought a potential risk to 
human health due to the accumulation of toxicants through the 
food chain [4-9]. 
Numerous studies have indicated that toxic trace pollutants 
might reach concentrations which are of concern to human 
health in urban environments [10-12]. In contrast to agricul-
tural soils, urban soils might have a direct influence on public 
health since pollutants in the soils can easily be transferred into 
humans via ingestion, inhalation, or dermal routes, etc. [10,13-15]. 
Organochlorines (OCs), such as poiychlorinated biphenyls (PCBs) 
and chlorinated pesticides, represent an important group of per-
• Corresponding autfior. Fax: +91 571 2703516, 
E-mail address; ab.malii<30@yahoo.com (A. Malik). 
1383-5718/$ - see front matter ® 2009 Elsevier B.V. All rights reserved. 
doi:10.1016/j.mrgentox.2008.12.006 
sistent organic pollutants (POPs) which have caused worldwide 
concern as toxic environmental contaminants 116-18], 
Soils are increasingly becoming sinks for a wide range of haz-
ardous pollutants generated by human activities. Hazard and risk 
assessment of polluted soil samples are usually performed by 
means of physical and chemical measurements but chemical anal-
ysis alone may not be sufficient for biological assessment [19]. 
Physico-chemical analysis of all the chemical pollutants contribut-
ing to toxicity in addition to their synergistic or anatagonistic effects 
is not possible [20], Therefore a biological approach is useful to inte-
grate the effects of all the bioavailable contaminants and of their 
interaction [21 ]. 
Toxicity assessment using biotests is an established alternative 
for hazard assessment of complex environmental mixtures. This 
approach provides an integrative parameter for the presence of 
compounds affecting the applied test system. A prior knowledge of 
key contaminants is not necessary and interactive toxicity among 
the components is reflected by the results [22]. 
The present study focuses on the genotoxicity of agricultural 
soils (cultivated) irrigated with wastewater from factories and 
domestic sewage for more than two decades until now and ground 
water irrigated soil as control. In the earlier study we have carried 
out genotoxicity (test) of wastewater of the same area and recorded 
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Table 1 
Pesticide concentration m soil samples as determined by gas chromatography. 
Pesticides 
Qrganochtorines (OC) 
T-BHC 
T-endosulfan 
p, p'-DDE 
p, p'-DDT 
o, p'-DDE 
o, p'-DDT 
Dieldrin 
Aldrin 
Concentration (ng/kg)* 
Groundwater irrigated soil Wastewater irrigated soil 
2.3 ±0.11 
0.32 ±0.06 
1.07 ±0.09 
1.25 ±0,13 
ND 
ND 
0.07 ±0.01 
0.02 ±0.01 
Organophosphorus (OP) 
Dimethoate ND 
Ivialathion 0.03 ±0.01 
Methyl parathion 0.04 ± 0.01 
Chluipyrifus iND 
12.68 ±2.57 
2.24 ±0.25 
10.94 ±1.89 
5.62 ±2.38 
ND 
ND 
1.59 ±032 
0.78 ±0.06 
0.57 ±0.11 
0.98 ± 0.32 
1,11 ±0.29 
0.55 ±0.08 
ND = not detected. 
'' Each value is the mean of six replicates ±S.D. 
assayed for mutagenicity using Ames Salmonella test. The rever-
sion of Salmonella typhimurium strains with different extracts of 
wastewater and groundwater irrigated soils are summarized in 
Tables 2-6. All the samples exhibited maximum mutagenicity with 
TA98 and TAIOO strains in the presence as well as in the absence of 
S9 fraction. There was an increase in the reversion of tester strains 
with increasing dose up to 40 |xl/plate and a decline at the dose of 
80 |jil/plate. 
The response of different strains in terms of slope (m) of 
the initial linear dose response curve was obtained by the least 
square regression. It was found that TAIOO shows maximum value 
of the slope followed by TA98 or TAi02 in all the extracts of 
the soil samples. The order of responsiveness of different strains 
in terms of slope for methanol and chloroform extract without 
S9 fraction was as under: TA100>TA98 >TA97a >TA102 >TA104 
(Tables 2 and 4), while for acetonitrile and hexane extracts were 
as follows: TA100>TA98>TA102 >TA97a>TA104 (Tables 3 and 5). 
However soil extracts exhibited variable trend in responsiveness 
of the different strains in the presence of S9 fraction in terms of 
slope of the initial dose response curve. The order of mutagenicity 
for different soil extracts of wastewater irrigated soil in terms of 
mutagenic potential of the initial linear dose response for the most 
responsive strain TAIOO with and without S9 fraction was in the 
following order: 
lethanoi > cnioroionn > acetonitrile > hexane > acetone. 
The order of mutagenicity of different soil extracts of ground 
water irrigated soil in terms of slope (m) with and without S9 frac-
tion for the maximum responsive strain, i.e. TA98 can be arranged 
as, methanol > acetonitrile > hexane > chloroform > acetone 
(Tables 2-6). 
The mutagenicity of soil extracts of wastewater irrigated soil 
was compared to ground water irrigated soil in terms of mutagenic 
potential. It was calculated by dividing the value of slope (m) of 
wastewater irrigated soil by the value of ground water irrigated soil. 
It was found that the slope (m) of initial dose response curve have 
8.6 times higher value in wastewater irrigated soil as compared to 
ground water irrigated soil. 
The net revertants per gram soil equivalent for the most 
responsive strains TA98 and TAIOO are shown in Table 7. The 
methanolic extracts showed maximum number of net rever-
tants per gram of soil for TAIOO in the absence (938 revertants/g 
Table 2 
Reversion of Salmonella tester strains in the presence of methanol extract of soil. 
Strain 
TA97a 
TA98 
TAIOO 
TA102 
TA104 
Strain 
TA97a 
TA98 
TAIOO 
TA102 
TA104 
S9 
-
+ 
_ 
+ 
_ 
+ 
_ 
+ 
_ 
+ 
S9 
_ 
+ 
_ 
+ 
-
+ 
_ 
+ 
_ 
+ 
Control 
85 ± 4 
91 ± 7 
30 ± 3 
34 ± 4 
120 ± 4 
130 ± 6 
247 ± 7 
256 ± 6 
321 ± 7 
331 ± 8 
Control 
85 ± 5 
95 ± 7 
31 ± 3 
38 ± 4 
121 ± 5 
132 ± 5 
239 ± S 
255 ± 9 
320 ± 5 
326 ± 6 
Groundwater i 
5 
112 ±4(1.3) 
124 ± 6 (1.4) 
42 ± 4 (1.4) 
44 ± 5 (1.3) 
142 ± 6n .2 i 
146 ± 7 (1.1) 
258 ± 6 (1.0) 
270 ± 7 Ci^) 
332 ± 7 (1.0) 
342 ± 6 (1.0) 
irrigated soil extract (fiL/plate) 
10 
121 ±4(1.4) 
133 ±6(1.5) 
52 ±5(1.7) 
56 ± 7 (1,6) 
159 ±6(1.3) 
168 ±8(1.3) 
268 ± 8 (1,1) 
281 ± S (1.1) 
343 ±6(1.1) 
353 ± 7 (1.1) 
20 
127 ± 4 (1.5) 
142 ±4(1.6) 
62 ±4(2.1) 
67 ± 4 (2.0) 
170 ±7(1.4) 
182 ± 6 (1.4) 
282 ±8(1.1) 
293 ± 6 (1.1) 
354 ±7(1.1) 
354 ±6(1.1) 
Wastewater irrigated soil extract (|xL/plate) 
5 
114 ± 8 (1.3) 
137 ±10(1.4) 
64 ±6(2.1) 
83 ± 9 (2.2) 
179 ±9(1.5) 
199 ± 8 (1.5) 
328 ± 8 (1.4) 
356 ± 8 (1.4) 
363 ± 13(1.1) 
392 ± 10(1,2) 
10 
177 ± 8 (2.1) 
195 ± 7 (2.0) 
139 ± 8 (4.5) 
157 ±9(4.1) 
232 ± 7 (1.9) 
262 ± 12 (2.0) 
374± 11(1,5) 
395 ±8(1.5) 
402 ± 11 (1,3) 
442 ± 12 (1.4) 
20 
199 ± 8 (2.3) 
243 ± 1 0 (2.6) 
174 ± 7 (5.6) 
195 ± 1 0 (5.1) 
287 ± 12 (2.4) 
322 ± 12 (2.4) 
399 ±10(1.7) 
424 ± 1 2 (1.7) 
443 ± 14(1.4) 
482 ± 10(1.5) 
40 
134 ±5(1.6) 
147 ±4(1.6) 
76 ± 8 (2.5) 
76 ± 7 (2.2) 
187 ± 6 (1.6) 
193 ± 7 (1.5) 
298±6(1 .2 ) 
3 0 4 i 7 ( 1 . 2 ) 
366 ±11(1.1) 
377 ± 8 (1.1) 
40 
266 ± 7 (3.1) 
294 ±8(3 .1) 
216 ± 8 (7.0) 
: 255 ± 11 (6.7) 
375 ± 1 2 (3.1) 
403 ± 14(3.1) 
448 ± 1 0 (1,9) 
466 ± 11 (1,8) 
496 ± 1 5 (1.6) 
534 ± 11 (1,6) 
80 
141 ±5(1,7) 
151 ±6(1,7) 
93 ±6(3 .1) 
100 ± 8 (2.9) 
201 ± 8 (1.7) 
209 ±7(1.6): 
306 ±9(1.2) 
316 ± 7 (1.2). 
381 ± 11 (1.2) 
400 ± 8 (1.2) 
80 
210 ± 9 (2.5) 
230 ± 11 (2.4) 
188 ± 8 (6,1) 
210 ±8(5 .5) 
310 ± 8 (2.6) 
330 ± 7 (2,5) 
400 ±9(1,7) 
416 ±8(1,6) 
422 ± 1 2 (1.3) 
450 ± 10(1.4) 
Mi' 
-0.42 
-0.42 
0.74 
0.66 
-039 
-0.50 
-1.43 
— l.-^D 
-1.68 
-1.57 
Mi' 
0.76 
0.74 
1,79 
1.74 
0.74 
0.72 
-0.13 
-0.19 
-0.60 
-0.45 
m" 
0.52 
0.53 
0.72 
0.77 
CSS 
0.87 
0.70 
U.D/ 
0.69 
0.80 
m" 
4.3 
4.8 
4.5 
5.2 
6.0 
6,4 
4.5 
4.4 
4.2 
4.7 
LSD'P< 0.05 
7.5 
2.0 
5.24 
3.57 
6.815 
1.88 
6.68 
1.03 
5.28 
2.23 
LSD=P<0.05 
13.4 
16.3 
2.8 
3.9 
4.6 
6.0 
33 
4.0 
3.5 
10.1 
Values in parentheses indicate mutagenic index. 
^ Mi = induction factor. 
'' m = slope of the initial linear dose response curve as determined by linear regression analysis. 
^ LSD = least significance difference. 
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Table 5 
Reversion of S"ij!i7 
Strain 
TA97a 
TA9S 
TAIOO 
TA102 
TA104 
J l . l d l l > 
TA97a 
TA98 
TAIOO 
TA102 
TA104 
S9 
+ 
+ 
•f 
+ 
+ 
S3 
+ 
+ 
+ 
+ 
+ 
umetia lester strain.^ m the presence of iiexane extras 
Control 
85 ± 5 
95 ± 7 
32 ± 4 
39 ± 5 
121 ± 6 
132 ± 7 
246 ± 8 
255 ± 8 
321 ± 5 
333 ± 7 
vontroi 
84 ± 4 
94 ± 5 
33 ± 4 
41 ± 4 
122 ± 6 
132 ± 5 
241 ± 8 
252 ± 6 
322 ± 6 
356. ± 7 
Groundwater i 
5 
100^8(1.2) 
n o ± 8 (1.2) 
43 ±6(1.3) 
50 ± 6 (1.3) 
134 ±5(1.1) 
146± 9(1.1) 
254 ± 8 (1.0) 
269 ±9(1.1) 
324 ±6(1.0) 
335 ± 8 n.Q^ 
vv3Siew5icr irr 
5 
100 ± 8 (1.2) 
114 ±6(1.2) 
56 ± 6 ( 1 7 ) 
81 ±9(2.0) 
156 ±9(1.3) 
184 ± 10(1.4) 
288 ± 11 (1.2) 
311 ± 10(1.2) 
338 ± 12(1.0) 
366 ± 10(1.0) 
irrigated soil extract ( 
10 
116 ± 7(1.3) 
129 ± 8 (1.4) 
50 ± 6 (1.6) 
61 ±6(1.6) 
144 ± 5 (1.2) 
159 ±8(1.2) 
261 ±6(1.1) 
281 ±8(1.1) 
336 ± 5 (1.0) 
350 ± S '1.P 
t of soil. 
fiL/plate) 
20 
124 ± 5(1.4) 
137 ± 8 (1.4) 
58 ±6(1.8) 
71 ±7(1.8) 
154 ± 7 (1.3) 
171 ±8(1.3) 
270 ± 7 (1.1) 
288 ±6(1.1) 
344 ±6(1.1) 
358 ± 9 ^1A '* 
igdtcu soil cXtrdCttJAU/pidtc.! 
10 
154 ± 12(1.8) 
166 ± 7 (1.8) 
106 i 9 (3.2) 
131 ±8(3.2) 
202 ± 12 (1.7) 
242 ± 11 (1.8) 
325 ± 12 (1.4) 
354 ± 1 2 (1.4) 
388 ±12(1.2) 
412 ± 16(1.2) 
20 
172 ± 12 (2.0) 
197 ±8(2.1) 
136 ± 10(4.1) 
164 ± 9 (4.0) 
250 ± 11 (2.0) 
302 ± 10(2.3) 
356 ± 13(1.5) 
383 ±16(1.5) 
403 ± 12 (1.2) 
435 ± 1 2 (1.2) 
40 
133 ±4(1.5) 
148 ±9(1.6) 
68 ±8(2.1) 
81 ±8(2.1) 
167 ± 7 (1.4) 
183 ± 7 (1.4) 
282 ±7(1.1) 
297 ± 8 (1.2) 
355 ±7(1.1) 
•3CJ -L ] 0 ^1 P 
40 
209 ±10(2.5) 
232 ± 10(2.5) 
179 ± 10 (5.4) 
207 ± 10 (5.0) 
328 ± 12 (2.7) 
354 ±11(2.7) 
392 ± 1 4 (1.6) 
437 ± 14 (1.7) 
430 ± 1 2 (1.3) 
470 ± 1 8 (1.3) 
80 
140 ± 5(1.5) 
159 ± 8 (1.7) 
78 ± 6 (2.4) 
94 ± 7 (2.4) 
178 ± 7 (1.5) 
188 ±9(1.4) 
294 ±9(1 .2) 
304 ± 10(1.2) 
366 ± 9 (1.1) 
TOO i_ n ^1 -1 ^ 
80 
191 ±8(2 .3 ) 
209 ± 8 (2.2) 
155 ± 11 (5.0) 
185 ± 8 (4.5) 
294 ± 12 (2.4) 
313 ±7(2 .4) 
362 ± 12(1.5) 
393 ± 8 (1.6) 
382 ± 11(1.2) 
409 ± 10(1.2) 
Mi* 
-0.45 
-0.39 
0.36 
0.34 
-0.75 
-0.85 
-1.63 
-1.65 
-1,69 
_ 1 OO 
fvli-
0.40 
0.38 
1.49 
1.40 
0.52 
0.52 
-0.47 
-0.31 
-1.09 
-1.14 
m" 
0.58 
0.59 
0.52 
0.62 
0.64 
0.52 
0.57 
0.52 
0.55 
m" 
3.0 
3.4 
3.6 
3,9 
5.0 
5.3 
3.5 
4.2 
2.6 
2.9 
LSD'^P<0.05 
3.25 
7.48 
2.02 
2.53 
2.40 
1.49 
2.62 
2.99 
5.56 
LSD- F < 0.05 
8.5 
7.9 
3.2 
3.5 
3.1 
4.4 
2.7 
14.5 
2.2 
7.3 
Values m parentheses indicate mutagenic index. 
^ Mi = induction factor. 
'' m = slope of the initial linear dose response curve as determined by linear regression analysis. 
' LSD = least significance difference. 
Table 6 
Reversion of SalnioneUa tester strains in the presence of acetone extract of soil. 
strain 
TA97a 
TA98 
TAIOO 
TA102 
TA104 
Strain 
TA97a 
TA98 
TAIOO 
TA102 
TA104 
S9 
+ 
+ 
+ 
+ 
+ 
S9 
+ 
+ 
+ 
+ 
+ 
Control 
87 ± 6 
97 ± 8 
33 ± 4 
41 ± 7 
121 ± 8 
134 ± 8 
245 ± 10 
250 ± 8 
324 ± 5 
336 ± 10 
Control 
88 ± 8 
94 ± 7 
34 ± 3 
38 ± 4 
122 ± 8 
130 ± 6 
248 ± 6 
253 ± 5 
317 ± 6 
331 ± 10 
Groundwater irrigated soil extract ((iL/plate) 
5 
100 ±7(1.1) 
107 ±9(1.1) 
40 ± 5 (1.2) 
50 ± 7 (1.2) 
134 ±8(1.1) 
147 ±8(1.1) 
255 ±7(1.0) 
261 ± 11 (1.0) 
325 ±6(1.0) 
348 ±10(1.0) 
10 
110 ± 8 (1.3) 
121 ±9(1.2) 
47 ±6(1.4) 
58 ± 8 (1.4) 
145 ± 7 (1.2) 
157 ±10(1.2) 
264 ±7(1.1) 
277 ±11(1.1) 
337 ±5(1.0) 
354 ±12(1.1) 
Wastewater irrigated soil extract ((iL/p 
5 
103 ±9(1.2) 
120 ± 7 (1.3) 
62 ± 7 (1.8) 
83 ±10(2.2) 
154 ± 8 (1.3) 
174 ± 7 (1.3) 
297 ± 11 (1.2) 
320 ± 8 (1.3) 
347 ±10(1.1) 
3 ' 73±12(U) 
10 
140 ± 7 (1.6) 
147 ± 8 (1.6) 
99 ± 6 (2.9) 
105 ± 8 (2.8) 
196 ± 11 (1.5) 
212 ±7(1.6) 
317 ± 10(1.3) 
366 ±9(1.4) 
375 ± 1 2 (1.2) 
399 ±14(1.2) 
20 
125 ±8(1.4) 
136 ±8(1.4) 
54 ± 5(1.6) 
66 ± 7 (1-6) 
156 ± 8 (113) 
168 ± 10(1.3) 
274 ±6(1.1) 
285 ± 12(1.1) 
344 ±7(1.1) 
365 ±10(1.1) 
late) 
20 
173 ± 12 (2.0) 
173 ± 7 (1.8) 
107 ± 8 (3.2) 
123 ±6(3 .2) 
229 ± 9 (1.9) 
263 ± 10 (2.0) 
344 ± 1 3 (1.4) 
383 ± 8 (1.5) 
396 ± 13 (1.2) 
429 ±14(1.3) 
40 
132 ± 7 (1.5) 
148 ± 10(1.5) 
62 ± 7 (1.9) 
76 ± 8 (1.9) 
167 ± 7 (1.4) 
179 ± 8 (1.3) 
282 ±8(1.2) 
2 9 9 ± 10(1.2) 
353 ±9(1.1) 
377 ± 8 (1.1) 
40 
192 ± 12(2.2) 
206 ± 7 (2.2) 
120 ± 1 0 (3.5) 
154 ± 12 (4.0) 
304 ± 10 (2.5) 
326 ± 8 (2.5) 
375 ± 12(1.5) 
414 ±13(1.6) 
416 ± 1 0 ( 1 3 ) 
463 i 13(1.4) 
80 
142 ±6(1.6) 
156 ± 10(1.6) 
74 ± 7 (2.2) 
89 ± 8 (2.2) 
178 ±8(1.5) 
190 ±8(1.4) 
285 ±10(1.2) 
312 ±3(1.2) 
364 ±9(1.1) 
386 ±8(1.1) 
80 
173 ± 10 (2.0) 
182 ± 11 (1.9) 
108 ±10(3.2) 
123 ±6(3 .2 ) 
287 ± 9 (2.4) 
309 ± 8 (2.4) 
355 ± 11 (1.4) 
383 ±8(1.5) 
387 ± 10(1.2) 
410 ± 10(1.2) 
Mi' 
-0.46 
-0.50 
0.22 
0.16 
-0.75 
-0.87 
-1.81 
-1.39 
-2.09 
-1.90 
Mi' 
0.17 
0.18 
0.93 
1.12 
0.40 
0.41 
-0.67 
-0.45 
-1.16 
-0.92 
m» 
0.61 
0.69 
0.47 
0.55 
0.64 
0.63 
0.44 
0.71 
0.49 
0.57 
m'' 
2.6 
2.7 
1.9 
2.5 
4.8 
4.7 
2.8 
3.4 
23 
3.0 
LSD^P<0.05 
2.50 
2.89 
2.40 
1.77 
1.59 
2.04 
3.09 
3.78 
4.68 
3.89 
LSD'P< 0.05 
18.6 
11.1 
3.0 
16.6 
4.0 
3.3 
2.8 
15.4 
3.2 
5.8 
Values in parentheses indicate mutagenic index. 
' Mi = induction factor. 
' nn = slope of the initial linear dose response curve as determined by linear regression analysis. 
' LSD = least significance difference. 
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Fig. 2. Survival of exlracellularly treated bacteriophage \ with soil extracts: groundwater irrigated soil (GW) and wastewater irrigated sot! (WS): (a) methanol extract (GW), 
(a) methanol extract (WS): (b) acetonitrile extract (GW). (b) acetonitrile extract (WS): (c) chloroform extract (GS). (c) chloroform extract (WS): (d) hexane extract (GW). (d') 
hexane extract (WS) and: (e) acetone extract (GW). (e) acetone extraci (WS). 
mum decline in survival with the methanolic extracts of soil. The 
wastewater irrigated soil extracts displayed maximum decline in 
survival as compared to ground water irrigated soil extracts. The 
survival was 25% in polA, 45% in lexA and 52% in recA mutants when 
treated with methanolic extracts of wastewater irrigated soil, while 
the survival v;js 31%inpo!A, 6i/iin (exAandfc)9% in recA mutants in 
ground water irrigated soil extracts as compared to their isogenic 
wildtype counterpart after 6h of treatment. The survival was 25, 
30, 32, 33 and 35% in po/A strain after 6 h of treatment when tested 
with wastewater irrigated soil extracts of methanol, acetonitrile, 
chloroform, hexane and acetone, respectively. 
Extracellular treatment of bacteriophage X. with the soil extracts 
of different solvents are shown in Fig. 2. Soil extracts of wastewa-
ter irrigated soil show a maximum decline in plaque forming units 
as compared to ground water irrigated soil. Among all the strains 
!exA mutant shows maximum decline in plaque forming units. The 
methanolic extracts of wastewater irrigated soil show a decrease in 
survival up to 22% in lexA and 40% in recA mutants, while methanol 
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ited as the pollutants might enter into the food chain and cause 
health hazards to humans. 
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ABSTRACT: In most towns of India, wastewater coming from both industrial and domestic sources and 
without any treatment is used to irrigate the agricultural crops. This practice has been polluting the soil, 
and pollutants could possibly reach the food chain. For the above reasons, the wastewaters of Ghaziabad 
City (India), which is used for irrigation, were sampled (at two different sites) and monitored for the pres-
ence of genotoxic agents from January 2005 to June 2007. Gas chromatographic analysis showed the 
presence of certain OC (DDE, DDT, Dieldrin, Aidrin, and Endosulfan) and OP (Dimethoate, Malathion, 
Methlyparathion, and Chlorpyrifos) pesticides in both the sampling sites. Wastewater samples were con-
centrated using XAD resins (XAD-4 and XAD-8) and liquid-liquid extraction procedures, and the extracts 
were assayed for genotoxic potential by Ames Sa/mone//a/microsome test, DNA repair defective mutants, 
and bacteriophage / systems. The test samples exhibited significant mutagenicity with TA98, TA97a, and 
TA100 strains with the probable role of contaminating pesticides in the wastewater. However, XAD-con-
centrated samples were more mutagenic in both sites as compared to iiquid-liquid-extracted samples. 
The damage in the DNA repair defective mutants in the presence of XAD-concentrated water samples 
were also found to be higher to that of liquid-liquid-extracted water samples at the dose level of 20 nUmL 
culture. All the mutants invariably exhibited significant decline in their colony-forming units as compared 
to their isogenic wild-type counterparts. The sun/lval was decreased by 81.7 and 75.5% in polA~ strain in 
site I, and 76.0 and 73.5% in site II in polA~ under the same experimental conditions after 6 h of treatment 
with XAD-concentrated and liquid-liquid-extracted samples, respectively. A significant decrease in the 
survival of bacteriophage A was also obsen.'ed when tii-eated with the test samples, c 2008 Wiiey Periodicals, 
Inc. Environ Toxicol 24: 103-115, 2009. 
Keywords: genotoxicity; Ames test; wastewater; pesticides; India 
INTRODUCTION 
Water pollution is becoming a serious problem for public 
health in many coLintries. Water contaminants include 
microorganisms, eggs of parasites, the residues of insecti-
cides, fungicides and herbicides, and heavy metals as well 
as organic compounds in industrial waste. Environmental 
mutagens may be a major risk factor for human health. Of 
Correspondence lo: A, Malik; e-mail: ab_nialik30@yahoo.com 
Published online 28 April 2008 in Wiley InlerScience (www. 
inlorscience.wiley.com). DOI 10,1002/tox.20389 
C 2008 Wiley Periodicals, Inc. 
particular concern are hazardous industrial wastes and 
effluents. Their chemical complexity precludes a detailed 
chemical analysis of individual genotoxic components 
(Cerna et al.. 1996). In most towns of India, raw sewage is 
used either directly lo irrigate agricultural land as a supple-
ment of essential plant nutrients or disposed into freshwater 
systems, which again can be used for agricultural purpose. 
Although this treatment increases crop production, it is con-
laminated with pollutants such as heavy metals and poly-
chlorinated substances from domestic and industrial wastes 
that enter into the sewer system (Kansal, 1994; Aleem 
el al., 2003; Ansari and Malik, 2007). 
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TABLE I. Characteristics of Salmonella typhimurium and Escherichia coli K-12 strains 
Strain Dcsignaiion 
Ames tester sti'ains 
1 AV7a 
TAyS 
TAKXJ 
TA102 
TA104 
Escherichia coli K-12 strains 
ABI157 
AB2463 
AB2494 
KL400 
KL403 
Relevant Genetic Markers Source 
,i\ib. hisD(->(>l. i>ni. rfa, R-lactor plasmicl-iAM 101, frame sliitl 
mulalion at (j-C site 
uvfB, hiiD3(!52. bio, rfa, R-factor plasntid-pkMlOl frame 
shift nivitation at G-C site 
iivrB, hisG4b, hio, ifa, R-factor p!asniid-pkM !0i, base pair 
substitution mutation at G-C site 
ifa. R-faetor plasmid-pkMIOI. rnullicopy plasmid paQi 
iXnilaininj; iusG428 airxotropiiic marker and let', transition 
mutation al .-\-T site 
uvrS, liisG428, ifa, R-f'actur plasmid-pkMlOl, transition 
mutation at A-T site 
////-/, argES, lltr^l, leuB6.proA2, hisG4, lacYI, F , Str', /," 
revAl.l thi-i, argE3, thr-l, leuBb,proA2, liisG4, F", St/, /." 
lexALf tlii^l. lciiB6.proA2, liisG4. mctS, lacYJ, F' , Str", /.' 
till-1, lexH6,pruC32, ixisF860. Iac736, mulA3S, ara-14. .vv/-5, 
mtl-l,strAU)9,spe-l5 
polAI, ara-l4,lexS6, lac2236,proC32. hisFSbO, Tliy.A54, 
RspE2H5, rsp2l09, imdA38, xyl-5, nitlA 
r Nohmi. National Institute of 
Hygienic Sciences Division of 
Genetics and Mutagenesis, 
Japan 
M.K.B. Berlyn, E. coli Genetic 
Stock Center, MCD Biology 
Department, Yale University. 
New Haven, USA 
samples were filtered through 0.4,5 pm membrane filter 
before they were u.sed forgenoto.xicity testing. 
Haven, US.4). They were ttlway.s plated on ntilrient broth 
containing 1.5% (w/v) agar. 
Gas Chromatographic Analysis of Pesticides 
Analyses of the extracts were performed by Hewlett Pack-
ard 5890 Series 11 gas chromatograph equipped with an 
electron capture detector. Instrument parameters and oper-
ating conditions were as follows: 
Column: HPlOl (25 m X 0.2 mm X 0.2 ^m) 
Temperature: 
Injector 250'C 
Detector 325 C 
Oven 250"C 
Carrier gas: Nitrogen with a flow rate of 60 niL/rnin. 
The peaks were identified by comparing their retention 
times with those of standards. 
Bacteria 
The characteristics of Salmonella typhimurium and Esche-
richia coli K-l 2 are given in Table 1. The Salmonella typhi-
murium strains were maintained in frozen stocks and grown 
as described by Maron and Antes (1983). Each strain was 
tested on the basis of associated genetic markers raising it 
from a single colony from the master plate (Maron and 
A\mes. 1983). The bacterial strains oi E. coli K-12 were 
obtained from Berlyn, M.K.B. (£. coli Genetic Stock 
Center, MCD Biology Department, Yale University, New 
Ames Mutagenicity Testing 
The preincubation test was performed as described by 
Maron and Ames (1983) with some modifications (Pagano 
and Zeigcr, 1992), Five doses of each water extract, i.e,, 
2,5, 5, 10, 20, and 40 /tL/plate, were plated in duplicate 
with 0,1 mL of the bacterial culture. After incubating the 
test sample and bacterial culture for 30 min at 37''C, 2.0 
mL top agar containing traces of histidine and biotin was 
added and contents were poured on minimal glucose agar 
plates. Plates were incubated at 37 C for 48-72 h. Negative 
and positive controls were included in each assay. The neg-
ative plates had bacteria and solvent (DMSO) but no test 
sample. Methyl methane sulfonate and sodium azide were 
used as positive controls. All the water extracts were also 
tested in the presence of ( + S9) microsomal fraction, to 
which 20 /(L of S9 liver homogenaie mix per plate was 
added. The criterion used to classify the results as positive 
was similar to those of Vargas et al, (1993, 1995). i.e., num-
ber of rcvertants double the spontaneous yields accompa-
nied by a reproducible dose-response curve. 
Treatment of Escherichia coli K-12 
Strains with XAD-Concentrated and 
Liquid-Liquid-Extracted Water Samples 
The SOS defective recA, lexA, and polA mutants of Esche-
richia coli K-12 as well as the isogenic wild type strains were 
EiivironmenUil Toxicoiogv DOt 10.10(!2/UK 
£0'0 :^; rt'-Q 
LZ'O T ZV\ 
tO'O •: 68'0 
Cij'O •- S9'i) 
US'O =• ic'Z 
QM 
CIN 
HiT^ 80'n 
ervi + 89Z1 
80X) = Wl 
60 c + 6rOZ 
II 3i'S 
ZO'O ?;• 86X) 
£V() * 161 
LTQ'^ Si'I 
601) + 66'!) 
t(T() '-;• ici'O 
z:9'o * 01''i: 
QN 
sex + 18-ci 
iro + cS'i 
fO't' + 907.2 
I SI'S 
(1/Su) uouKjiuaauo;;) 
•p3)33|3p lOlI = Q,\ 
sojij/Cdiojii;') 
iioiquy'Rc! |Ai|j3'i^ 
! Ml I ] 
uupjaiQ 
eaa-/''•<' 
UBj|nsopu3-x 
DHSl 
(DO) sauuomoomiuJO 
sspiDiisaj 
A4Clej6o;Biuojiio se6 Aq pauiiujsjsp se (ji pue i) sajjs 
Buijduies isaiem ui uojieji-uaouoo appiisad li 3iaVi 
'"•nlzOijVfM !0C1 fiiiojOomi± pmomKUiAirj 
3!|X 10J:IUO3 HJOAios II! S3U13JJ3A3J j'o J3qumu 3i|) SI .,> pus; 
afdujKS 31}! ui samojOD }U,B],I3A3J JO isqmnu aq] si u aioqM 
a/,1 ~- f/iq = 'If 
luaiajjip JOj sutru]s isoi SUOIJEA JOJ .lojnBj uoi|.:mpui 3ILL 
(^tM) Jopej uoipnpui 
•3SU0ds3.I-3S0p IBUIUI JO 3Ajn3 
sqi JO uoiuoci ji'3U[[ (Btiiui oqi jo uaisbsjgaj ojenbs jsn3| 
3qi Xq pauiBiqo SI3A\ (t^O sdojs 3qx 'SureJis jsissi SIIOUEA 
qitA\ 3Ajn3 3Suods3,i-3sop oqi JO uoij.iod jT!3uq [TJiliut oqi Xq 
p3-iBjno[B3 sBA\ saidiuKs 1S31 sqi JO iBnusiod oiuaumnui aqj^ 
IBijuaiOd oiueSBjniAj 
/qr/ 01 oi dn osop Suisuajoui qiiA\ urcjjs jsissi jo UOISJSASJ 
3qi m 3su3i3ui UB SBM 3.i9qx 'ssiis iuqdiuBS sqi qioq m uoq 
-oruj 5S JO 33U3sqt; sqj u( SR [[3M SB 33U3S3Jd sqj ui sun?.r)s 
S6V1 V!'^ 3Suods3j uiniinxBiu p3A\oqs 3]diu«s iS3i sqi 
]T;qi puno) SBM I( •]{[ 3iqcx ui pazucLuams sic \\ siis puE 
I 3)is U! s3]diUT;s j3jPA\ p3iT!.nu33U03-(;jvX ^M' M'!'^ surejis 
uint.imunjcLu v/piumijOi; jo uojSJSAaj aqjL •J3JBA\3ISCA\ 
pspGJixa-pinbq-pinbq puB p3iBJ!U33U03-QVX '^U psnm 
-[BA3 SKM ssjdlUBS .13)!;M31SV;A\ 3qi JO KipmoSv.xnm aqx 
'(II ^WX) 13!!S JO jsq] uBqj J3MO[ XjaAijBJBduioD SBM J[ 3]IS 
iir ssppasad ssaqi jo pASj sqx 'AiSAUDsdssj 'T/3u ggQ puE 
'c6'l 'S/.'l '66'O.P s|3A3| sqi IE p3]33i3p 3J3A\ sojuXdjojq^ 
puB •uoiqiBiBdjAqjap'Sj 'uo[qjc[Bj^ 'sjeoqjsuiiQ ssproiisad 
snjoqdsoqdouBSio sqx •ApAipsdssj 'l/Su ^gi puB '£(,0 
'OZT 'lfr'81 t8'CI 'gO'Z-c JO uoi}B.iui03uoo 3qj ]B uBjtns 
-opu3 pun -uupiv 'uijpisiQ 'laa '300 'DHH P sDusssjd 
sq) poMoqs [ ajis guqdiuBg 'sgppijssd snjoqdsoqdouESjo 
pUB aiU.IOIUDOUBoJO UlBy33 JO 33U3S3.ld 3l\\ p3[i;3A3J S31IS 
SuqdiUBS luajsjjip CAM sqi jo SISXIBUB siqdBjSoiBuioiqD SBQ 
snnsau 
•CO'O > d K 3U0p SEM 
VAO.VV ACA\-3i!o -lOiiiioo 01 poindiuoD SB oidiuBS UI snrei 
-J3\3J , siq JO joqiunu oqi jo 33ire3i,!iu3is sqi suiuuoiap oj 
VAONV 
;)qi uo pasBq u,i;?!red XiiAiiisuss 3ij! |! soiduns OMS u;)?A\]3q 
3aa3J3jjip aqi aiiiuu^iaj) o; (»oii;rn3|co sr.,\\ ioiacj uoii.iiipui 
jojiuoo 3ATjB§3U 3qi UI p33npui SIUBJ.I3A3.! ^siq JO .isquitisj 
oiduiBS 3qi UI pannpui SIUBUSASJ ^ siq jo J3quin}\i 
YSpUI 3IU3SB)n'[AJ 
•3n|BA Xapui 3IU33B11UU SlI Xq 10J)U03 3AnBg3U 
01 i)3JBduio3 SBA\ sjdiuBS UI siaBy3A3J ^siq JO J3qmnu sqj 
xapui 0!ue6Bin|/\j 
sjsAieuv |B3ii^s!:|e;s 
IB uofiBqnaui iq§[UJ3Ao i3]jB paiunoa 3i3A\ ssnbcy 'poqisui 
J3XB] 3[qnop sqi Xq JBSB luoi.unu uo p3;B[d 3J3M S.I3HI33 3AU 
-33JUI sqx '3,,L£ l" sureajs cl"")! H'-'^ '3 JO sjsoq 3dXj p[iA\ 
pUB 3A1P3J3P JlBdsj VNQ "O qjOSpB 01 p3,VvO[[T! pUB Q'S 
fjd JO uoiin[os •"OS^IA! Vi lO'O "I P^innp X[qBuns 'siBAasun 
JBin§3J JB UAABJpqilM SJSM -JIU J'Q JO SlOllbqV SaidlUBS JS31 
3qi JO 'iai/-jW Oc W.f^ 'JoL£ Ji^ psjBqnoui SBAA (sjiun SUIUJJOJ 
-3nbB[d) liu/flJcI (,|0[ SuiABq '/ PoEqdousDBq poijunj 
sejdoiBS isei am qiiM r 
aBeydouapea jo luaaiiesjj. jBinijaoeJixg 
•X[sno3iiEi(iiaus uiu OS(B SBM [O.UUOD luaAfog '3 Xt 
}V, ]q«!LU3A0 paiBqnnu! iu-aw S31B]J -XunqR nUiuiioj-Aiio]o:) 
sqi AESSE oi p3i«id pin; 'poiniip Xiqeiins •S}EA.!3iui JBinJioj i« 
UAAIUpqiLW 3.13A\ SS'iduiES 'A[31B.l«d3S S^ldlUES J3iB;\\ p3i3EJlX;} 
-pinbij-psnbss P"'"' p3!nJiU33iK)::'-aV'X Jt' ''V' OZ. W-^'' P''>]B3J] 
puB uonn[os '"OSflW l\! |()'{) u\ p^piKidsns 313A\ pounnqo 
OS spjiad oqj^ •i-]Ui/siunoo DjqBiA ^0[ x i-\) oinqii:) 
3UTAu:!i;i' AjiEiiaowocK',) un niojj uoitcflnjuioa.'! Xq priisoAJBu; 
MIIVW QNV iUVSNV 901^ 
GENOTOXICITY OF WASTEWATERS USED FOR IRRIGATION OF FOOD CROPS 107 
9) 
a. 
E 
« 
in 
V. 
ffl 
•a 
(B 15 
V . 
+-' 
c 
o 
o 
c 
o 
o 
I Q 
< 
X 
o 
0) 
o 
c 
o 
M (U 
a 
<u 
I 
c o 
(/3 
'o 
c 
o 
'in 
> 
o 
a: 
lU 
< 
r. 
ri 
^ 
r'-i r-J x ; r*-, r 
r". - T ^-C r'--, -
r ! 
t >r"i 
' • t r ! 
— O 
r ! f^. 
r*--, 
n-) 
u 
:x: IT; ~ 
in r^ . c 
in r-- a^ o n r i r-- — ("-J 
^ ^ t rvi ^• 
m Tf — Tf r^ f — r4 — ™ 
•^ c^ -. <M o C-.1 ir. (7~i o4 ^ r--
•ft +1 i l +1 +1 +1 -fl I ! 4i 
^C o -^ ^ o j r^ o^ in, 'n ^ 
O r-J cc in CO r^ j c) O' 'rf r^ 
m ^ rn -;}- f^. in Tj- m, <n, tn 
SN 
^ 
r ' l 
t l 
5^  
in 
iv^ 
•M 
W~. 
r n 
+ 
-* 
i n 
•H 
i n 
r -
m 
•* 
t \ 
!N 
'^  
r - i 
H 
" n 
'3 
r i 
' t 
r l 
• n 
r j 
vO 
t 
MO 
t o 
c: 
G 
1 
n 
(N_ 
t ! 
CO 
. —• n r^ --N .—^ 
^ iri < j '^i ^ 
•*-f — — r" , <-*-) 
CNI "Ti rn — sC 
rvj r-i —• r l 
+ 1 t l +1 i i -f! -fl i i 11 f i r i 
r~J in *n, ^ (N in "C "n n". r--
r f - ^ - i - in, - ^ >0 " i " m, m, O 
O ^ p j oo r i r- p NO 
Tf ' ^ ^ o) cH —' r i ' -
• - ^ ^ O r ] ^ - ^ r s j r v i r - r - ~ 
+ 1 t i +! +1 +1 +i +i +1 +i f l 
f^j i n cJ m r~ t^. r i - ^ " ^ —" 
ro r^ ; 0-, -rj- ro xf m - ^ m in 
r i 
-
+ 1 
ri 
+i 
a; 
00 
, 
+1 
r ^ i 
+ 1 
O 
r4 
I—' 
+ t 
^ 
+ [ 
•^  
OO 
+ 1 
t o 
o 
+ 1 
»n 
^ 
| l 
•vO 
>n 
+ i 
o O ' r - i ' ^ ' : t ^ t - - c * ^ t n ' n 
T ^ ^ n • • ^ a ; ' < : l ^ ^ l r ^ ^ c ^ G C o J 
r i r i rJ rJ rxi to r*~i m ^ in 
^ 
+• 
> n 
VD 
• r l 
0 ^ 
C^ i 
n 
o 
T t 
+ 1 
MD 
+ i 
ON 
r -1 
^ 
T l 
1 
• o 
+ 1 
OC 
— 
+ ! 
— 
+ i 
yn 
r l 
ON 
+ 1 
r j 
1 -t-
< 
rr, - t \C OC' a; C: r-l -™ ^ — 
ON, tn r~ 
— ol n 
+1 +1 t l +1 +1 11 +1 +i 
cc Tt oc r j o r-
_ "o o rJ — r l ON 
' ^ r r xt r^ - ^ r r r r 
5 S
— 
f i 
ON 
* n 
r--
• n 
QC 
r i 
IT) 
r -
2; 
r l 
r l 
o c 
o c 
f i 
» n 
r r , 
ON 
K! 
i n 
5 
=« 
c 
r r 
f i 
1, 
CO 
o c 
T I 
N C 
i n 
rJ 
CO 
f i 
•* 
• r f 
i n 
r ^ 
O N 
f i 
• n 
i n 
q 
rJ 
r -
t l 
N C 
i n 
NO 
n •—' — 
rNi -V — 
o c 
f i 
O N 
r^  
f: 
3; 
ON 
t l 
o 
-* 
— 
+ 1 
i n 
o c 
t i 
i n 
CO 
— 
f i 
5^  
i n 
— I 
f i 
CO 
r j 
- t 
— 
t i 
i 
ON 
f ' 
i n 
i n 
— I 
f i 
r r , 
r -1 
N O 
>n 
•ON 
~: rJ ^ . ^^ , 
O — r^ r^ " ^ — 
IT; 
'O 
C^ oc ON 
+ i +1 +! +1 H +1 +i +1 +1 f l 
— r n - = ^ r ^ — • ^ ^ r ' - i i n c s 
• ^ x i m o CI i-n <:J OO r^ in 
en r*-, r-j - ^ f< ,^ xf o', - ^ Tt i n 
—V v o O - — .—V —- r - j , — CO 0 - , 
^ o i r^ ^ ; ^ r i - • ^ ; ^ ™ 
•ff -fl f l f l f l +1 +1 f l +1 f l 
Gc — r4 o >n m, i n <n o o 
r n r - - m x r ^ — ' O c o - — m, 
r i rNi rJ rvj fN en ir-. r^ . ^ ^ 
o - ^ m ' ^ 0 ' ' . o c o o c — — 
f l f ! f | f i f l f t +! f l f t f l 
Dcr*-, r ^ iT t — O o o r - - r v j r - -
G-^  o m tr-- r^ , >n,- ^ vn r i r". 
I f I -f I f- I 
O^ •— — ' — 
II 
F.nvironnienlal Toxicology DOI I0.1002/io,x 
™Vc.0OI'01 lOQ iSoiociixoj^ pmii>uiv.o.ii.vU;i 
> 
ro to — — 
4^ 4^ UJ to 
ON c^ 
I t 
'^\ 
•30 
i + 
ON 
'v-n 
i + 
4 -
hJ 
! + 
N> 
•a^ 
i + 
o . ~J C^' ^  O 
u> '^jj to (o to •— — — — 
!+ i t 
\C 'X: 
d c i i 
i + 
cx; 
-
s 
i + 
•vE 
r 
O 
'-J 
[4-
" 
— 
CO 
1 + 
cc 
• ^ 
o 
o 
i + 
o 
T J 
o 
(>-! I t 
L/l 
' w 
1+ 1 
- J V. 
• : = : • ; 
• - - • • — - - - ' ^ 1 
1+ 
^ 
'-^ J 
oc 
i + 
-^  
'^  
1 + 
*• 
r~ 
I t 
4^ 
K) 
t-J 
•-C 
1 + 
O 
7~ 
ON 
1 + 
ON 
-~J 
to 
GC 
i + 
CT. 
o 
i+ 
— 
o 
i t 
" io 
-~J 
4i-
1+ 
T3 
LM 
14- li ii 
4i. 4^ 41^ 1 ^ lO t o — — U J ! ^ 
t ^ 4 ^ l O ' _ A s O O C > \ D O C t J O 
O O O 4 ^ C^ o o t o vO t o NJ 
i+ i+ I i 1-f i t i+ t+ I t i+ ! + 
o c - ^ ^ o o o c - - . u » 4 ^ — ;^ 
_ — ^_ ,— r o r o L A L o — . . — s 
Oi 4-. 4^ i_*j U-J *v>J to to '_»J Ui 
UJ ^' C^ -^ --O — O^ O \C '-'I 
1+ 1+ 1+ i+ 1+ 1+ 
^ — ~J OD ^O sC 
CC CC UJ '->J 
4:^  ^ be ^ 
UJ UJ '»w to to to — — to to 
' - / I I O O N O O N O N C N O O O ^ , --J 
1+ 11 1+ 14- 1+ 1+ 1+ 1+ 1+ t-f 
^ ^ — „ _ fO t o 4^ ' ^ t o —V 
r" o io to o '— ^ ^ '-/I -^"^  
> 
-™ I C/) 
UJ UJ t o t o — — 
UJ t o 4^ 4^ Ui t o '_o '.>J O '-0 
O UJ 4^ ' .^ (O o (O — c<: C-J 
1+ It 14- !+ U H- !+ }+ 1+ ! | 
•— -O —' -O '^1 -O 4-i. ' j j 'Vi 4^ 
4^ -^ '>j t o t o ^J 
^ - oc — \ 0 4^ O 
>^ .;>, 4:. — ^ — 
1+ i f i+ I f ! i i-f 
^ — t o H-
UJ O t o ^ 
UJ t o DC lO 
i It i+ 14- If K 
oc -^ >— S:^ OO QC 
— ,—, .— ' ^ IvJ t o 
: r , - ^ ; . . ''., ™ 
'./) 
4^ 
I T 
, t o 
— C\ 
4^ 
-»-t o 
i + 
',/! 
• — ' 
4^ 
r-; 
4^ 
14-
, UJ 
— c^ 
UJ 
'-^J 
i t 
— o 
— U^ 
f. ^ 
'v-/l 
I t 
_ '.O 
t o 
4^ 
t o 
4^ 
14-
K-
o 
t o 
UJ 
l U 
c_; 
i4-
sn 
/—* r > 
ON 
,— >>:'' w 
i f 
--1 
—^\ a> 
L-
w-
t o 
• o 
4^ 
I t 
1 
— 
UJ 
'-^ 
t o 
4^ 
i f 
». O 
t o 
- o 
' ^ - ^ 4;. 4X. 4^ 
vC '^ C .^ t o O 
'_/( --J --~3 U J O 
If If i f If i f 
oc 00 
: r r> 4i. 4:^ 
t o r>o 4^ <-^  
OO '-^ O Ul 
• < ; ON '^-'l '"'> 
~ UJ t o 
"-0 O > 4 \C: po -i^ [^ 
O '-^J ^ be 
,—i 
^ I t 
, , 
^ 
• o 
o 
o 
I f 
— un 
oo 
4^ 
o 
i f 
, L 
~4 
t o 
'J-, 
ON, 
i t 
>^  U J 
H 
O 
-tu 
— i f 
, 1 
t o 
UJ 
UJ 
— o 
I f 
-— 
~'~ 
'oJ 
oc 
'Ol 
i f 
.—. UJ 
t o 
N) 
oo 
i f 
ON 
'.J^ 
o 
i f 
, t ^ 
4 ^ 
ON 
(./J 
U^ 
14 
cc 
^ 
--4 
1 + 
ON 
4 ^ 
t o 
i + 
X 
4^ 
4» 
I t 
'v> 
NO 
1+ 
•NO 
L/1 
'_0 
! + 
""* 
t o 
o 
1+ 
00 
f o 
|NJ 
ON 
1 + 
o 
! + 
- 4 
oc 
! + 
OJ 
NO 
1 + 
- J 
OJ 
— V — i ^ I J 
n 
> 
m 
< 
o' 
01 
§• 
o 
X! 
c 
a i . 
5' 
c 
a 
o 
«l 
a 
S 
01 
3 
(D 
0) 
p p o p H !-^  r-(^ '^, '-A a--, o o O' U) i^J — 'X' "X 4.' ' j J 
^3 O O EO "~ '^ -1 •^ tj J^ (O .;u t>J ON 4^ p ON 
•oi NO C"- U^ C" t..> -f^ -— 4-- W 
•O O ',./! 
Nv. ;;•> 4 i 
-..,1 4 - 'X 
>fnVI(M QNV iUVSNV 80S. 
GENOTOXICITY OF WASTEWATERS U S E D FOR IRRIGATION OF F O O D C R O P S 109 
r i U-, - t o:: "", r - ^^- — -zc z:^ 
Kt v^ ^ oc' -a^ 
O d '^. -rt O-'-
sO_ --C; - q r-i 
r-' o : o fN 
p ; _ , _^ ^^ y - ^ v^ r l -Tf r^. 
r-i oC' CN — c^' — - ^ r-' 
x ; O - ^ r - r n r-- oc oC' ^ o . 
CC 'DC' -DO CC — r-J 'CC •\C r-- r -
3 
• • - ' X 
1 
m 
o 
• a 
'u 
'•P 
IB 
a 
»^ -
o 
0) o c 
(U 
v> 
4) 
V . 
d. 
<u 
c 
'5 
• • -< 
CO 
0) 
• S 
••*• u c o 
E 
(ti 
to 
»^-
o 
c 
o 
> 
a: 
> 
UJ 
- I 
CQ 
o 
U 
f N 
-d-
(N 
— + 1 
—. 
S 
fN 
—t 
t l 
•-o 
oc 
_ 
• • • 
+ ! 
'". 
i l 
§ 
\c; 
r-j 
(N 
—~ 
+[ 
oc 
n 
o 
• — 
t l 
r-
— 
— 
~~ 4-[ 
oc 
— 
r i 
r— 
+ 1 
£ 
•^  
o 
—' + 1 
i 
^ 
r--
—^ +1 
"^. '^ . 0> ^ "^i 
oc O r - [^ CO 
r^ " ^ —^  r^ LT, 
fi +1 +1 f i +1 -f: f! 
-^t ' n r-". T f ur, o -
m ' ^ i:> r ! (N <:> 
rO c", (N r o r^i c*^ , 
tr^ oc (>i 
r-J o"i oc 
-sf ' n u", 
' ^ * t >n '/^, i^j 
en 
+ i 
rn 
oc 
t l 
r i 
rn 
—. 
+i 
00 
3 N 
+ 1 
3; 
^ 
+ i 
zz 
+ 1 
o 
i n 
+ i 
m 
+ t 
00 
<N 
t l 
" " -d- • - - ' • • — ' ^ - ^ 0 1 iT'i (N 10 \ 0 
r - — ' r - G ^ o ^ ^ - - — — —-
i i +i +1 +1 +1 +1 +1 +1 +i +! 
W-, o^ O (N O ' T O r n r-i vTi 
r^, - ^ -— r j — -H 
n-i r'-', — 
4-1 -fl -ii -fi i i -M f! t l t l t ! 
— m oc ^ yo ir-, \r >n •^ i n 
O^ *^ i/". o ^c oc \o 00 >r-, r -
_ f-.j _ , „ f^^ (-^ r ^ P-. 
t l t l t l i l +1 +! +1 +1 t i t l 
O N O o " ) p " i r s j r j T t ^ ( N r - 4 
—I — ^ r^l rsi r^, r n 
+ I + + I + 
< < 
— •—' rt 
—; C j^ •— —' r J iTj 
CO r-^  c^ r 4 o i — 
—^ 00 C^ i n C^ 
+1 +1 +! +! +1 
CO 00 o oc —1 
+ i t ! -fl +i i t 
m »n r^; o r-- f^ , r^ j rvj o vn 
o D o r-j '^ c^ o cc c>. o 
r^i r o f N (N C) c\ r^i r<-, -"t 10 
00 C . C-l C^ 00 oc r n •<+ CO ^ 
(N rNj - o <o 
+ 1 -fl +i t i t i +1 T! r i t ! t l 
d i ^ ii-> I/-) U-, o c-i ^ r - —I 
r - c> r^ oc 01 • ^ r j v^, — 00 
f-l (^j _ __. (-,j f-] rO rr , r j - ' - t 
v q o vri — >r~. -O r l - ^ o i _ ; 
r 4 r i T:t •^' —' — " — — "-^ 
+ i t l +1 +1 +1 t! tl +! -f: t l 
r ^ ' O o r - o r N i r ~ - i n c ^ - ^ o o 
uo 'O c-i CO :?N O O - ^ O c^, 
(-vj fNj — —- — C-J CO n-, Tt Trf 
^_ CO o c^ -c^ -^_ —' CO r i _ j 
r J r 4 r ^ r - i — — ' — ^ — " " ^ 
^ - ^ r-- >r-; ^ iy~j tio r-- vTj — 
+1 -fl + i i t f l t l t l t i t i t i 
O n ' ^ r o T t CO t ^ •'sC -— O ^ ( N ' ^ o o c T v r - o c r ^ ' N O O (-si fvi —, - ^ C't 0-, r~. - ^ 
r s i r v i — ' — " — — — ^ — ^ — ^ T — ^ 
O - o c^) - ^ vO ( ^ -d- •••0 oc sc 
•f l - f l -f l f ! t l t i i l -ft t l +1 
C ^ c ^ ' T t r o o c ^ O o C ' C ^ K n 
C > C N ' r t i n ^ i r i ^ r ~ - ' ^ \ 0 
—' r-J — ~ n C'l f ^ CO 
•fl t i + 1 +1 
^ <r; - t r - vr-, 
+1 t l t l t ; t l 
"3 
r-
c^ 
< r-' 
00 
a^ 
< 
'r-
^ 0 
< H 
r ) 
C; 
< r-
•* 
< 
'r-
3 ^ 
-^ >. ^ S 
Rmirnnmental Tn.xicology DOI 10.1002/iox 
*oi/tOOrOI !Oa iSojojtxo^ JDIUMMIO.IUUS 
p3}f!ai3 u3i}M uonaej} gg jo saiiasajd sip lu paauBijua A[p3 
-TfJBm scM ;<i!An.7B au!3§B:}iTUi x^jj, •(laiij jacf stuBuaAiii QQg 
6f!) uoi'iaBij 65 JO SDUssMd ain in SB {f3« si5 (jsiij .lad siuni 
-.i3,:\3i QSj-j 9! I'l oouosqB siji U! g6V.l, JOj •'«''l!l Jad siui;iJ3.\,0J 
jsu jo joqujiiu Uiiiaii\i?iu p;;A\oq'. j ojdiires pojcJiu.^Duo:' 
••11VX ^m lA m^'-l "! Li'«oMS 3-«' 86V1 P"R «,i6V.L sun:i)s 
SAjSUOdSS.i ISOIll 3lfJ JOj J3!![ .13(1 SJURUSASJ J3U 3ljX 
"c01Vi< «)1V1< 
00[VX < !^z:6VX < 86Vi, -'S'^oiPi St! sisouoSiunai pajnpui 
-sppqsod JO jopjo u] poisi| aq p[noD SUIBJIS OSOILL 'sssop 
jaijSiq /(pAUBjs.i IE 3Suods3.( 5(E3M B pajiqtqxs fOlVl 
pirc JOIVJ, sureJ5S 3qj-(3]Bid/7!/ QZ~S) s3Sop MO] JR UOAO 
q3iq 3q oj punoj 3J3A\ B/,6V1 P"'^ 86V1 uicus .loj 3jB[d 
.13d pgjoos SIOTU3A3J sqj^ '(A si^^X) PBJIXS sqi q)iA\ SE 
[[3AS s'-n ojnixuu sapioiissd sqi qiiA\ JEIUUIS OSJE SE.W UOIPBJJ 
C,S JO 33U3S3jd 3li) U! AjpiUSScinill JO pUO-l) aqj USAOSJOJAi 
•SUIEJJS .i31S31 SnOUEA JO SS3U?A!SUOds3J Sq] '-.Tl '3jnl\-UU 
opi.TCiSsd pui! jopjixs oqi qUA\ qioq luontid JBjiuqs t; punoj 
3M •X[3uns3.i3iui loajjs 3Aj}E[nuin3 .iiaqi 33s oj sajdiuBS issj 
3qj ui souajsixa iisqi oj siqEisduioo soUEi puB siunouiE sqi 
ui ssppiisod 3ind X]]noiui3q3 jo oinixiui B p3jBd3Jd 3yW 
•jj 3[dmEs wem aiusSBjniu ojoui oq oj punoj SBA\ 
1 311S JO 3[diuBS p3pEiix3-pinbq-pmb!i 3qj UIBSV 'Xipiuso 
-Bjnui iU3pu3d3p-3sop B Suns3S3ns sumxis sqi (|E UI IOJIUOS 
sq) 01 uosuBduJ03 ui .laqSiq .XijuBoyiufiis aj3A\ ssnjBA uy 
•W)iVl< 
SOfVl < 001 V.L < 86VI < K£6VX sc SVM .opjo 3qi n 3! is 
joj puB fOIVX < :OIVX < OOIVX < 86Vl < PL6VX SBA>, 
1 3JIS JOJ 3suods3j aqi uoi)3Bij 65; .P 33U3S3jd aqj ut 3[!qM 
ZOIVX < -t-OlVX < OOIVX < 86VX < EZ.6VX 
iSAiofjOj sc SI?A\ uofjoBjj (5^ inoqifA-i (w) 3do[S jo suus] ui 
3SU0dS3J lU3pU3d3p-3SOp 3ql 'SSldlUBS 11 pUB J S3|duiBS JOJ 
•frOlVX < EOlVX < OOIVX < ci6VX < 86VX 
:s,,ViOnoj SB sBA\ uonoTuj 6s jo soussqt; puB 33U3S3jd 3qi iii 
ssiduiBb' 3qi qjoq jo JopBj uofjonpui puB xapui siusSBjniu 
jO SliliO! Ui SS3lJ3AISt!0dsai jO J3pl(3 Mil 'JO'WOI SBAl S'lUKl 
-J3A3J ]o jaqiumi aqi •I3A3A\OI[ tssjduiBs piyBj^iusauoo-Qvx 
qiiM St' j^Biiiuis SCA\ 3SB3.I3U! u,i pusj-j sijx 'siv\df''iri Qz 01 
dn 3sop 3qi 3U^I,SB3.13UI qriA\ sost!3.i3tn siiruusAM jo .oqixinu 
•"•'11 'A! ^V^1 •-'! "•'AOiiS s! If pill! } •S3|diu^r;s .i3}t;A\ paiomixD 
•••{•isnliij pinhii si!!,¥, :-;uu].rtS J3is3i soiuy 3iM jo ii<,)is.i3\3^i 
•[[ Diis Sui|diuT;s O! uosLiaduioa 
UI 3S0p SuiSB3J3in ^)IA^ 3SU0ds3J 31;! JO (Ui) 3do[S 3J0U1 pUB 
'JODBJ uoiionpui 'xspui aiusSBjniu jsqSiq SBq [ 3|duiBS iBqi 
[P3A3J II puR j so[di,uf?s .ioj p3Uft;iqo sipisai 3qx ssop Sui 
-SB3J3UI qit.W [OJIUOS 3A1JB331I 3ql OJ UOSUUdlUOS III ApUB3l 
-JluSlS S3SB3J3U1 SUIBJIS 3q) JO U01SJ3A3J IBqi S.WOqS SISA|BUB 
SMX 'VAONTV '*^BA\-3UO Xq p3UlLUJ313p SBA\ S3S0p OUISB3J3UI 
qilM SUIBJIS J31B31 JO U0ISJ3A3J 3qi JO 33UB3giu3lS 3q^L 
TOIVX < t-OIVX < ^•IGVL < OOTVX < 86VX 
:SA\0[[OJ SB SBA\ UOUSBJJ 6S JO 33a3S3.ld 
3qi UI I 3US JOJ (ill) sdois uo pssBq 3suods3j oqL 
XOIVX < t-OlVX < OOIVX < '!Z,6VJ. < 86VX 
:SA\0J]0J SB SBM U01J.3BJJ 5S JO 
33U0S3jd pUB 3.3U3SqB 3qi UI (UJ) SdoIS 3q] uo pSSBq SUTEJJS 
J35S31 3qi JO SS3U3AISU0dS3J JO J3pJ0 3qi 'J3A3A\0H 
WIVX < 30IVX < OOIVX < EZ.6VX < 86VX 
•.s.woqoj sc 
3J3,W S3[dlUBS p31BJJU33U03-QVX-^0J U0I13BJJ 6S J^ 33U3SqB 
pUB 33U3S3jd 3q} UI -I013BJ U0l}3npUI pUB X3pUI 3UI33BinUl 
3qi uo pSSEq SS3U3AISUOds3i JO .13pJ0 3qX •3SlI0dS3i-3S0p 
3UISB3J3UI 3qi 0\ dn SISAJBUB UOISSSjSsj JB3Uq Xq P3UILU 
-J313p SB S.AJnS 0SUOdS3J-3SOp JB3UI[ [BniUI 3qi JO {ill) 3dG[S 
pUB ('/f) J0J3BJ UOUSnpUl JO SUU3J UI 3SU0ds3J lUniUIXEUl 
p3Moqs 86VX ''MJ^Uiu'S 'W'^^^ 86 VX SMl "! uoiPBjj 6S 
JO 33U3S3jd pUB 33U3SqB UI (5"9I pUB Ipl = XSpUI 3Rl3o 
-BjnjAj) X)IAU3E siusoBinui ssai p3jiq|qx3 [[ sjis s^qM '[ 3iis 
UI (uonaBJj 6S qjiA^) t^-gj puB (UOIJOBJJ 55 moqjiAi) (,-91 
JO x3pui niuoSnimu uiniuixBiu SMoqs ggvX 'pajssi SUIBJJS 
sqj [[B Suouiy 'siGid/x;/ ot'.P ssop B ]B pauqsap puu 3]B[d 
OCc eg 
Oil 19 
()<Z. it. 
OfiOO.C 
Oi'c 8S5 
Oil VL 
OOS 68 
000 98 
3lduiCS i3Hi,\\ 
p.-i!.iB,ilX3-pinbi'|-p!nb 
'1 
n 
i/S)UEU3A3y 13,M 
000 cei 
Oil en 
()>L. 901 
OiZ 06 
OOS 6f 1 
OSZ 91! 
00s 601 
Ofc Zb 
>5}diucs .isifi/W 
p3mim'"diyj-(i\-x 
iiou.TiMj (,s 
86Vi 
''/.6V.I 
86V,I„ 
liliUI^' 
11 ''US 
I MIS' 
suiBj;s 86Vi pue Ei.6Vi aAisuodsaj isoiu 
iO| J0|!| J3d siuenBhsj jau ^o sows} ut sa|duies MiefAaisem |o AiptuaSeiny^ -IA 3iaVi 
xnvw aNv IHVSNV Ol-l 
GENOTOXICITY OF WASTEWATERS USED FOR IRRIGATION OF FOOD CROPS 111 
Fig. 1. Survival of £ coli K-12 strains treated with XAD-concentrated (a) site I (a') 
liquid-liquid-extracted (b) site I (b') site II; and pesticides mixture (c) site I (c') site II. 
site II; 
loxicily was observed in the test sample I followed by sam-
ple II in all the extracts tested. Based on the above result, 
the toxicity of different test samples can be arranged as fol-
lows: XAD-concentrated water sample > liquid-liquid-
extracted water sample > pesticides mixture. 
The survival pattern of recA. lexA, and polA mutants in 
the presence of X.AD-conccntrated and liquid-liqiiid-
extracted water samples and pesticide mixture is shown in 
Figure 1. The damage to the cell in the presence of Xy\D con-
centrate was found to be high as compared with liquid-
liquid-exti-acted samples at a dose of 20 /(L/mL of culture. 
Among all the mutants, polA exhibited maximuin decline in 
XAD-concentrated water samples after 6 h of trcatmcnl. Site 
1 displayed maximum decline and survival was 18% in polA. 
31% in le.xA. and X\% in recA mutants, while site !I exhib-
ited maximum decline and survival was 23%' inpo/A, 39% in 
lexA, and 52% in recA mutants. The liquid-liquid-extracted 
water sample I showed survival of 24%) in po/A, 38% in 
lexA, and48% in recA mutants, while site 11 exhibited a inax-
imum survival of 26% in polA. 43% in lexA, and 49% in 
recA mutants. The survival Vv/as also decreased when treated 
with pesticide mixture. 
Extracellular treatment of bacteriophage A with lest sam-
ples tXAD-concentrated, liquid-liquid-cxtracted, and pesti-
cide mixture) is shown in Figure 2. There was a signiticanl 
decline in the plaque-formiiig units at a dose of 20 piL/mL. 
Here, again the significant decline was observed with 
XAD-concentrated sample, which was 17% in lex A and 
27% in recA m sample 1, while XAD concentrate of sample 
n showed a survival of 19% in IcxA and 307t' in recA 
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Delhi. Pandil el al. (2002) rcporicd persisieni organochlor-
ine pesticides in marine waters at Muinbai. They found 
HCH, DDii, and DDT as 5,42, 0.87. and 12.45 ng/L, 
rcspcciively. All the sources showing pesticide pollulion 
nuty have the possibility by wasiew-ater coiiiamination. So, 
there should be a continuous monitoring of wastewater, 
which farmers are using for irrigation lo prevent pollution 
of agricultural soil. 
hi India, alarming levels of pesticides have been reported 
in air, water, soil as well as in foods and biological materials 
(Viswanathan, 1985: Agarwal et al., 1986; Hans et al., 1999; 
Gupia, 2004), OC insecticides have been extensively used 
in India since 1954 in agriculture as well as in public health 
sector (Gupta, 1986), It is to be noted that usage of DDT and 
dieldrin has been bannetl for agriculture in India. However, 
DDT is being used for malaria control. Government of India 
has also banned the use of aldrin from 1994. However, 
unless the environmental residue level is monitored eonlinu-
ously, the illegal usage cannot be found out and prevenlcd. 
Further, the environmental residue levels also have to be 
monitored, as the chemicals and their metabolites arc 
expected lo reinain in the system for many more years. 
Although mutagenic potency can be detected in noncon-
centrated samples of surface water (Czyz et ah, 2002: Dizer 
et al., 2002J, each contaminant is usually present at such low 
levels that it is difficult to detect, and therefore, some sort of 
extraction/concentration inethod is required for reliable muta-
genicity/genoto.Kicity assessment of surface water samples 
(Umbuzeiro et al., 2001; Vargas et al., 2001; Czyz et al., 
2003: Ohe et al., 2004: Aleein'^and Malik, 2005). The Ames 
mutagenicity assay in particular has been widely used to 
detect mutagenic activity in complex environmental mixtures. 
This study indicated an increase in the number of rcver-
tant colonies with one or more Ames tester strains in the 
presence of test samples. Other workers have also reported 
mutagenic activity of surface and drinking water .samples 
(Kusamran et al., 1994; Malik and Ahmad, 1995; Liu et al.. 
1999; Aleem and Malik. 2003a. 2005). It was observed that 
the test sairiples displayed maximum response with TA98 
strain followed by TA97a and TAiOO strains both in the 
presence and absence of S9 fraction, Filipic (1995) extracted 
water samples with XAD-2 resins and tested for mutagenic-
ity with a modified Ames lest. He also found maximum 
mutagenicity with TA98 strain in both the presence and ab-
sence of S9 fraction. Malik and Ahmad (1995) screened raw 
wastewater samples comprising both domestic and indus-
trial waste, and they demonstrated signihcant mutagenic ac-
tivity with Ames tester strains TA102 and TAU)4. Aleem 
and Malik (2(X)3a, 2005) reported maximum mutagenicity 
in XAD-concentrated water samples of the river Yamuna 
from Mathura (UP) and Okhla (Delhi), India. Ainong all the 
strains tested, TA98, TA97, and TAIOO showed maximum 
mutagenicity with all the samples both in the presence and 
in the absence of 89 fraction. .Aleem and Malik (20()3b) 
reported that the agricidtural soil irrigated with wastewater. 
which is coming from both industrial and domestic sources, 
in the vicinity of Aligarh city (India), contained certain gcn-
otoxic ttgcnts, which arc capable of inducing mutations. 
Malhur et al. (2007) reported that TA98 and TAIOO showed 
maximum mutagenicity in industrial sludge from common 
efllucnt treatment plant. 
We have found a higher level of mutagenic response 
when the wastewater samples were extracted with .XAD 
resins as compared to those obtained by licjuid-liquid 
extraction procedure (Tables III and IV). Adsorption on 
XAD resins could be very speritic for the isolation of muta-
genic substances from the water samples (Yamasaki and 
Ames, 1977; Kool et al., 1981). XAD resin can generally 
adsorb a broad class of mutagenic compounds, including 
polycyclic aromatic hydrocarbons, aryl amines, nitro com-
pounds, quinolines. anthraquinones, etc. Adsorption fol-
lowed by elution with organic solvents is efficient in 
extracting all the polar and nonpolar toxic chemicals and 
mutagens/genotoxins (Junk et a!., 1974). Therefore, iTtost 
mutagens are expected to be effectively concentrated by the 
use of XAD resins. However, liquid-liquid extraction con-
centrates mostly pesticides (Singh et al., 1987). Among the 
400 pesticide preparations studied for muatgenic activity, 
half of them were found to be mutagenic in one or more of 
the test systems (Kurrinj, 1984). Ruiz and Marzin (1997) 
tested six pesticides for their genotoxicity irsing Ames Sal-
monella mutagenicity and SOS chroinotcst. They foimd 
that all the pesticides were genotoxic. 
In this study, mutagenic response of the liquid-liquid-
extracted water samples may not necessarily reflect the muta-
genicity of existing pesticides in the test wastewater samples, 
becau.se some other organic pollutants might also come along 
with the pesticides in the extract, A sample test was adopted 
to rule out this possibility. The lest was based upon the 
assumption that the pattern of response of various Ames Sal-
monella strains with the expected mutagenic substance (i,e,, 
pesticides) should be similar to that of extract, if the mutage-
nicity is largely contributed by the existing pollutants. Inter-
estingly, we found a similar pattern both with the extract and 
pesticide mi.xture, i,e,, the responsiveness of various tester 
strains. Moreover, the trend of mutagenicity in the presence 
of 89 fraction was also similar with the pesticides mixture as 
well as with the extract (Table V), These findings indicate a 
significant role of pesticides in the mutagenicity of waste-
water samples. However, the lower rcspon,se of pesticide 
mixture demonstrated that liqiiid-liquid-cxtracted water 
samples also contained some other mutagenic compounds in 
the test samples in addition to pesticides. 
The survival pattern of/ecA, lexA. and pol/K mutants of 
E. coll as well as their isogenic wild-type counter parts in 
the presence of XAD-concentrated and liquid-liquid-
extracted water samples is shown in Figure I. It is postu-
lated that the inducible error-prone repair pathway presum-
ably involving the recA and lexA genes could potentially 
operate on several types of lesions in DNA, whether 
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Abstract 
Aims: Determination of heavy metal and antibiotic resistance and presence of 
conjugative plasmids in bacteria isolated from soil irrigated with wastewater. 
Methods and Results: Composite soil samples were collected from Ghaziabad, 
Uttar Pradesh, India. Forty different bacteria were selected from nutrient agar 
and characterized by morphological, cultural and biochemical tests. All the 
isolates were tested for their resistance to different heavy metals and antibiotics. 
The DNA derived from multiple metal and antibiotic-resistant bacterial isolates 
was PCR amplified and plasmid-specific sequences (IncP, IncN, IncW, IncQ 
and pMV158-type) were analysed by dot blot hybridization. AJl isolates gave 
PCR products with trfA2 and oriT primers of the IncP group. These PCR prod-
ucts also hybridized with the RP4-derived probes. However, the samples were 
negative for all the other investigated plasmids as proved by PCR and dot 
blots. 
Conclusions: The presence of conjugative/mobilizable IncP plasmids in the 
isolates indicates that these bacteria have gene-mobilizing capacity with impli-
cations for potential dissemination of introduced recombinant DNA. 
Significance and Impact of the Study: The detection of IncP plasmids in all 
the bacterial isolates is another proof for the prevalence of these plasmids. We 
propose that IncP plasmids are mainly responsible for the spread of multi-
resistant bacteria in these soils. 
Introduction 
Soil shows a high diversity of bacterial species; it has been 
estimated that half the known bacterial genera contain 
species, which can be considered as soil bacteria. Elevated 
levels of heavy metals can affect the qualitative as well as 
quantitative composition of microbial communities (Malik 
et al. 2002), Heavy metal resistance has been reported to be 
an important characteristic of bacteria found in close prox-
imity to the polluted sites that include water bodies and 
land fills (Murtaza et al. 2002). Metals are introduced into 
the aquatic systems as a result of weathering of soil and 
rocks, from volcanic eruptions and from a variety of 
human activities involving mining, processing and use of 
metals and/or substances containing metal contaminants. 
Metal traces entering natural water become part of the 
water sediment system and their distribution processes are 
controlled by a set of physical—chem.ical interactions and 
equilibria (Jain 2004). The use of these polluted waters 
transports the metals into agricultural soils. 
Antibiotic resistance is a public health concern of great 
urgency because of growing inefficacy of antimicrobial 
agents to treat infectious diseases. This is mainly caused 
by the propagation of antibiotic resistance genes, which is 
exacerbated by the overuse of antimicrobials in humans 
and the intensive use of antibiotics in animal agriculture 
(MoUen et al 2001; Rysz and Alvarez 2004). The use of 
antibiotics for clinical and veterinary purposes has 
become widespread since the late 1960s, and it is there-
fore not surprising that antibiotic-resistant bacteria have 
become common (Gellin et al. 1989; Anderson 1993; 
Malik et al. 2002; Yu et al. 2004). 
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Antibiotic sensitivity test 
All the isolates were tested for sensitivity to antimicrobial 
agents by means of disc diffusion method (Bauer et al. 
1966). The following antibiotics (all from Hi-media, 
Mumbai, India; were used. Concentration of the antibiot-
ics used is given in /jg,/disc. The abbreviations and 
concentrations of the respective antibiotics are given in 
parentheses: ampicillin (A 25), chloramphenicol (C 25), 
ciprofloxacin (Cf 30), co-trimoxazole (Co 25), doxycy-
cline (Do 30), gentamicin (G 30), kanamycin (K 30), 
nalidixic acid (Na ^0), neomycin (N 30), streptomycin (S 
10) and tetracycline (T 30). 
Bacterial strains and plasmids 
Bacterial strains used in this study are listed in Table 1. 
The E. colt strains harboring the target plasmids were cul-
tured on LB agar plates with the respective antibiotics. 
Enterococcus faecalis OGIX (pMV158) was cultured in 
Brain Heart Infusion medium (Condalab, Madrid, Spain) 
supplemented with 4 ;;g ml"' tetracycline. Prior to PCR, 
colonies of the E. colt host strains were picked with a ster-
ile toothpick, resuspended in 50 /d sterile bidistilled water 
and heated at 95°C for 15 min. An E. faecalis OGIX 
(pMV158) colony was submitted to an alkaline lysis at 
95°C prior to PCR (Sambrook et al. 1989). PCR amplifi-
cation was carried out with the primers hsted in Table 2 
according to the amplification profiles described in Gotz 
et al. (1996) and in Alexandrine (2006). 
PCR of plasmid-specific sequences 
Oligonucleotide primers to amplify plasmid backbone 
regions related to replication (IncP fr/A2, IncN rep, IncW 
oriV) and transfer (IncP oriT, IncW oriT and pMVl58 
riT) are published Gotz et al. (1996) and the pMV 158 
onT primers in Alexandrino (2006), PCRs were per-
formed in a 50 /d reaction mixture containing 5 d^ 10 x 
Gentherm reaction buffer (Rapidozym, Berlin, Germany), 
lid of each dNTP (10 mmol T ' ) , 3 /5 mmol f' MgCl, 
(except for IncQ oriT, 4-75 mmol 1"'), 2 /d of each pri-
mer (20 pmol /d ') and 1'5 U Gentherm DNA polymer-
ase (Rapidozym, Berlin, Germany). The amplification 
program consisted of the following steps: 94^0 for 5 min, 
followed by 35 cycles of amplification divided into 1 min 
of denaturation at 94°C, 1 min of primer annealing at the 
temperature according to Table 2 and 1 min of primer 
extension at 72'C, followed by a !0-min final extension 
step at 72°C and were carried out in a Primus 96 Ther-
mocycler (MWG Biotech, Ebersberg, Germany). 
For labelling with DIG, PCR products were purified 
with the Wizard SV Gel and PCR Clean-Up System (Pro-
mega, Mannheim, Germany). The DIG labelling of the 
purified PCR product was carried out with the PCR DIG 
probe synthesis kit (Roche, Mannheim, Germany). For 
product size confirmation and yield estimation, 10 /d of 
the PCR products was loaded onto 1-5% agarose gels, 
submitted to electrophoresis for 3 h at 60 V and stained 
with ethidium bromide. 
Dot blot 
Dot blots of the amplified PCR products were also carried 
out according to the DIG System User's Guide for Filter 
Hybridization (Roche, Mannheim, Germany), Twenty 
microlitres of PCR product was boiled for 10 min and 
then 1 ;d of each PCR product was dotted on a Hybond-
N membrane (Roche, Mannheim, Germany). DNA was 
fixed to the membrane by baking at 120°C for 30 min. 
For hybridization of the dot blot, a DIG-labelled DNA 
probe specific for tr/A2 (241 bp) and IncP oriT (110 bp), 
IncWonT, IncNrep, IncQoriV, IncQonT and pMV158 
oriT was used, respectively. 
Table 1 Bacteria used in the study 
Strain 
Enterococcus faecalis OGIX 
Escherichia coli SCSI 
Escfiericfiia co/i JM109 
Escherichia coli DH5a 
Escherichia coli JE723 
Investigated 
plasmids 
pMVlSS 
RP4 
PULB2432 
R388 
pJE723 
Plasmid 
incompatibility 
group/replication 
type 
Rolling circle 
IncP 
IncN 
IncW 
IncQ 
Source 
Espinosa, M,, Centro de Investigaciones Biologicas, Madrid, Spain 
Lanka, E., Max-Planck-lnstilut fur Molekulare Genetik, Berlin, 
Germany 
Couturier, M., Universite Libre de Bruxelles, Faculte de Sciences, 
Genetique des Procaryotes, Brussels, Belgium 
Cruz, de la, F., Universidad de Cantabna, Departamento de 
Biologia Molecular, Santander, Spain 
Lanka, E,, Max-Planck-lnstitut fur Molekulare Genetik, Berlin, 
Germany 
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Conjugative piasmids in Indian soils M.i Ansan ef al 
Table 5 Antibiotic resistant isolates 
from soil 
Bacterial 
isolales 
WSI 
WS2 
WS3 
WS4 
WS5 
WS5 
WS7 
WS9 
WSIO 
wsn 
WS12 
WS13 
WS14 
WSI 5 
WSI 6 
WS17 
WS18 
WS19 
WS20 
WS21 
WS22 
WS23 
WS24 
WS25 
WS26 
WS27 
WS28 
WS29 
WS30 
WS31 
WS32 
WS33 
WS34 
WS35 
WS36 
WS37 
WS38 
WS39 
WS40 
WSI-40: 
treatea wii ;n inaustnai w 
Minirnum inhibitory 
Hi 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
200 
400 
400 
400 
400 
400 
400 
400 
400 
200 
400 
400 
200 
800 
200 
200 
400 
400 
200 
400 
400 
isolates 1-
Cd 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
200 
25 
200 
25 
200 
25 
200 
200 
50 
200 
200 
200 
200 
200 
200 
200 
50 
50 
200 
200 
100 
200 
400 
50 
100 
200 
50 
100 
100 
astevvater 
• concentration ifig ir 
Cu 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
200 
400 
200 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 
200 
200 
200 
200 
200 
400 
400 
400 
400 
400 
400 
400 
400 
•40 from wastewater irrii 
Zn 
400 
200 
200 
400 
400 
200 
200 
200 
200 
200 
200 
400 
200 
200 
200 
200 
200 
200 
200 
200 
400 
400 
400 
200 
200 
200 
200 
400 
200 
400 
200 
200 
400 
400 
400 
400 
400 
400 
200 
qated soil. 
i i - ' ) 
Pb 
300 
1600 
1600 
1600 
800 
800 
1600 
1600 
800 
800 
800 
800 
800 
800 
800 
800 
800 
800 
800 
800 
800 
800 
800 
800 
800 
800 
800 
800 
800 
1600 
800 
800 
800 
1600 
800 
800 
800 
800 
300 
800 
Hg 
32 
2 
2 
4 
16 
2 
2 
4 
4 
4 
32 
2 
2 
4 
2 
32 
2 
4 
4 
2 
4 
8 
4 
4 
4 
4 
4 
8 
16 
16 
4 
4 
8 
16 
4 
Q 
16 
8 
4 
4 
Antibiotic 
•Ampicillin 
ChlorarTiphenicoi 
Ciprofloxacin 
Co-tnmoxazole 
Doxycycline 
Gentamicin 
Kanamycin 
Nalidixic acid 
K]eom\;cin 
Streptomycin 
Tetracycline 
Concentration 
f;/g/disc) 
25 
25 
30 
25 
30 
30 
30 
30 
30 
10 
30 
Table 6 Antibiotic resistance pattern 
with industrial wastewater 
No. of 
antibiotics 
1 
2 
3 
4 
5 
6 
7 
No, of 
resistant 
isolates (%) 
1 (25) 
1 (2-5) 
1 (2-5) 
1 (2-5) 
1 (2-5) 
9 (22-5) 
1 (2-5) 
1 (25) 
1 (25) 
4(10) 
1 (2-5) 
1 (2-5) 
1 (2-5) 
1 (2-5) 
1 (25) 
1 (25) 
1 (2-5) 
1 (2-5) 
1 (2-5) 
2(5) 
3 (7-5) 
1 (2-5) 
2(5) 
No, of Resistant 
isolates isolates (%) 
20 
14 
1 
13 
23 
0 
3 
20 
0 
12 
30 
50 
35 
25 
32-5 
575 
0 
76 
SO 
0 
30 
75 
of 40 isolates from soil treated 
Resistance 
pattern 
A 
T 
Na 
A, C 
A, Na 
Do, T 
Na, S 
A, Co, Do 
Do, Na, T 
Do, S, T 
A, C, Co, Na 
A, Co, Do, T 
A, Co, K, Na 
Do, Na. S, T 
A, C, Co, Na, T 
A, C, Do, Na, T 
A, Co, Do, Na, T 
A, C, Co, Cf, Na, T 
A, C, Co, K, Na, T 
A, C, Co, Do, Na, T 
A, C, Co, Na, S, T 
A, C, Co, K, Na, S, T 
A, C, Co, Do, Na, S, T 
7'5% of the isolates to five different antibiotics in three 
different combinations. 17'5% of the isolates were resis-
tant to six antibiotics in four combinations and 7-5% to 
seven antibiotics in two combinations (Table 6). 
IncP-specific plasmid sequences are present in multiple 
resistant soil isolates 
The DNA derived from 12 multiple metal and antibiotic 
resistant E. coli and Pseudomonas isolates was PCR 
amplified with Inc-specific primers and plasmid-specific 
sequences (IncP, IncN, IncW, IncQ and pMV158-type) 
were analysed bv dot blot hybridization. PCR amplifica-
tions with two sets of primers for IncP specific sequences 
{trfA2 and oriT), IncQ (onT and oriV) and one set of 
primers for IncN (rep), IncW [oriT] and pMV158-type 
rolling circle piasmids (oriT) were performed with DNA 
from the 12 different isolates. All the samples gave PCR 
products with fr/A2 and oriT primers of the IncP group 
(Table 7). These PCR products also hybridized with the 
1778 
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Conjugative piasmids m Indian soils M I, Ansan et al 
et al. (2003) found that agrkuitural soil irrigated with 
wastewater has a high level of metals in comparison with 
ground water or uncontaminated agricultural soil. 
They found metal concentrations in the range of 
862-1052 /(g g^' for Fe, 36-4-48-5 //g g"' for Ni, 
32-5--42-3 /<g g""' for Cr, 15-\~~29-b ftg g ' for Cu and 
0-58-1-2 / Jgg ' ' for Cd. 
Of the forty bacterial isolates tested for their resis-
tance to different metals, almost all the isolates dis-
played high resistance to most of the metals tested (Ni, 
Cu, Zn and Pb). Thirty-two isolates showed high value 
of MIC to Cd while only eight isolates showed high 
value of MIC for Hg. The resistance in these bacterial 
isolates could be due to irrigation of the agricultural soil 
with wastewater. Bacteria sampled along a gradient of 
metal contamination were more tolerant to metals and 
antibiotics compared with bacteria from a reference site 
(Wright et al. 2006). Malik et al. (2002) found that 
77'1% of the isolates frorn Aligarh agricultural soil trea-
ted with wastewater were resistant to Ni, 7T4% to Cr, 
65-7% to Cd, 54-2% to Zn, 45-7% to Cu and 257% to 
Hg. These findings are in support of the results of this 
study showing high metal resistance in bacterial isolates 
from agricultural soil irrigated with wastewater. Murtaza 
et al. (2002) found that of 80 isolates of E. coli, col-
lected from five geographically distinct regions of India, 
of which four were polluted with domestic and indus-
trial effluent and one was an uncontaminated area, 68 
were resistant to at least one of the heavy metals, Cd, 
Co, Cu, Fe, Pb, Zn. 
The bacterial strains isolated from agricultural soil 
receiving wastewater showed high metal and antibiotic 
resistance. Our results are in agreement with those of ear-
lier works. Shafiani and Malik (2003) isolated 64 bacteria 
(40 Pseudomonas spp., 12 Azotobacter and 12 Rhizobium 
spp.) from wastewater irrigated soil. They tested all the 
isolates for their antibiotic susceptibility against different 
antibiotics i.e. nahdixic acid, cloxacillin, chloramphenicol, 
tetracycline, amoxycillin, methicillin and doxycycline and 
reported that 100% of the Pseudomonas isolates were 
resistant to cloxacillin and 57-7% to methicillin, 7-5% of 
the isolates exhibited multiple resistance to five different 
antibiotics in three different combinations, whereas 25% 
of the isolates showed multiple resistance to four antibiot-
ics in seven different combinations. Metal contamination 
directly selects for metal tolerant bacteria, while co-select-
ing for antibiotic tolerant bacteria (Wright et al. 2006). In 
soil and water, multiple antibiotic resistance is clearly 
associated with resistance/tolerance to hea\7 metals. 
Heavy metals and drugs are environmental factors derived 
from human pollution, which exert a selective pressure 
for the development of resistant bacterial populations 
(Tazar et al. 2002). 
The soils from the sampling sites are contaminated with 
various inorganic and organic pollutants (Alcem and 
Malik 2003; Aleem et al. 2003; Ansari and .Malik 2007). The 
detection of IncP trf.Al and oriT sequences by PCR ampli-
fication and hybridization in total DNA from bacteria of 
polluted environments has also been described by others 
(Gotz et al. 1996; Gstalder et al. 2003). Gotz et al. (1996) 
reported that 60% of the IncP piasmids from manure 
slurry gave a positive PCR result with oriT primers and 
53% with trfA2 primers. The presence of conjugative/mo-
bilizable IncP piasmids in our isolates indicates that these 
bacteria have gene-mobilizmg capacity with implications 
for potential dissemination of introduced recombinant 
DNA. Piasmids from enteric bacteria and Pseudomonas 
belong to more than 30 incompatibility groups. Piasmids 
from four of these groups (IncP, W, N and Q) can transfer 
to and maintain themselves in both enteric bacteria and 
Pseudomonas. Especially, IncP piasmids are widely distrib-
uted in Gram-negative bacteria e.g. in E. coli, Pseudomonas 
spp., Klebsiella aerogenes and Sphingomonas (Thomas 
2000; Harada et al. 2006). In contrast to IncP specific 
sequences, IncQ, IncN, IncW and pMV158-type rolhng 
circle plasmid-specific sequences could not be detected in 
bacteria isolated from wastewater irrigated Ghaziabad soil. 
All our isolates from wastewater irrigated agricultural 
soil resistant to multiple metals and antibiotics contain the 
IncP replication gene fr/A2 and the IncP oriT. Therefore, 
all these E. coli and Pseudomonas isolates carrying conjuga-
tive IncP piasmids have gene mobilizing capabilities, which 
can result in the spread of multiple antibiotic and heavy 
metal resistance genes to the native bacterial soil popula-
tion and to pathogens transferred to the soil by wastewater 
irrigation. Conjugative transfer of these genes helps gener-
ate multiple resistant pathogens with potential of being 
incorporated by human beings via the food chain. 
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Abstract 
Agricultural soil irrigated with industrial wastewater (more than two decades) analysed for heavy metals revealed high levels of Fe, Cr, 
Cu, Zn, Ni and Cd. Out of a total of 40 bacterial isolates obtained from these soils, 17 belonged to the family enterobacteriaceae and 10 
were Pseudoinonas spp. A maximum MIC of 200 for Cd, 400 for Zn and Cu, 800 for Ni, and 1600 ng/ml for Pb was observed. Biosorption 
of Ni and Cd studies over a range of metal ion concentrations with Escherichia coli WSl 1 both in single and bi-metal systems showed that 
the adsorption of Cd and Ni was dependent on the concentrations and followed the Freundlich adsorption isotherm. The biosorption of 
Ni increased from 6.96 to 55.31 mg/g of cells, and Cd from 4.96 to 45.37 mg/g of cells at a concentration ranging from 50 to 400 ng/ml after 
2 h of incubation in a single metal solution. A further increase in incubation time had no significant effect on the biosorption of metals. 
© 2006 Elsevier Ltd. All rights reserved. 
Keywords: Biosorption; Metal resistance; Soil bacteria; Agricultural soil 
1. Introduction 
Often raw sewage is used either directly to irrigate agri-
cultural land as a supplement of essential plant nutrients, or 
disposed into fresh water streams, which again can be used 
for agricultural purposes (Kansal, 1994). Although this 
treatment generally increases crop production it results in 
the accumulation of toxic substances in soil and in the crop 
as sewage is usually contaminated with pollutants such as 
heavy metals and polychlorinated substances from domes-
tic and industrial wastes that enter into the sewer system 
(Bansal, 1998; Aleem et al., 2003). 
Industrial and agricultural activities have led to a sub-
stantial release of toxic heavy metals in the environment, 
which can constitute a major hazard for the ecosystem and 
human health (Nriagu and Pacyna, 1988). The large-scale 
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production of a variety of chemical compounds, however, 
has caused a global deterioration of environmental quality 
(Iwamoto and Nasu, 2001). Contamination of soils, 
groundwater, sediments, surface water and air with hazard-
ous and toxic chemicals are serious problems, which have 
been faced by our world today (Boopathy, 2000). 
A variety of mechanisms exist for the removal of heavy 
metals from aqueous solution by bacteria, fungi, algae, 
mosses, macrophytes and higher plants (Holan and Vole-
sky, 1994; Leusch et al., 1995; Knauer etai., 1997). Of the 
different techniques employed for metal removal from 
multi-elemental system, biosorption has been found to be 
highly selective depending on the typical binding profile of 
the biosorbents (Knauer et al., 1997). 
The need for a cost-effective process and a safe method 
for removing heavy metals from discharging effluents has 
resulted in the search for other unconventional materials 
such as organic or inorganic sorbents (Allen a n d Brown, 
1995). The use of microbial biomass of fungi ( K a p o o r et al., 
1999), algae and bacteria (Chang et al., 1997) for r emova l of 
heavy metals from aqueous solutions is gaining increasing 
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Table 1 
Biosorption of Ni and Cd (mg/g oCdry vveigfit of cell) at different time intervals in single and bi-metal systems 
Initial metal 
concentration (pg/nil) 
SO 
100 
200 
400 
Metal system 
Ni/Cd 
Ni + Cd 
Ni/Cd 
Ni + Cd 
Ni/Cd 
Ni + Cd 
Ni/Cd 
Ni + Cd 
Biosorption of 
Nickel 
2h 
6,96 ±0.33 
1.60 ±0.08 
13.68 ±0.52 
5.45 ± 0,32 
26.19 ±2.46 
11.22 ±1.09 
S'S''. 1 ' 0 ""'7 
26.89 ±0.52 
metal ion (mg/g) 
4h 
7.50 ±0.14 
3,15 ±0.46 
17.50 ±0.14 
7.35±1.18 
28.18±0.19 
13.65 ±2.20 
56.07 ± 0.4() 
26.52 ± 0.79 
6h 
7.92 ±0.23 
2,19 ±0.50 
17.96 ±0.17 
5.91 ±0.57 
36.03 ± 0.69 
11.99 ±0.46 
57.43 ± 0.59 
27.73 ± 0.29 
Cadmium 
2h 
4.96 ±0.19 
3.17 ±0.08 
11.26 ±0.08 
8.14 ±0.06 
24.61 ±0.15 
14.38 ±2.16 
45.37 ± 1.04 
26.42 + 0.48 
4h 
5,62 ±0.09 
3.08 ±0.51 
13.49 ±0.16 
6.52±0.12 
27.81 ±0.27 
12.85 ±0.10 
48.27 ±0.90 
28.13 ±0.50 
6h 
6.65 ± 0.04 
4.40 ± 0.05 
14.19±0.20 
8.89 ±0.51 
29.83 ±0.16 
16.68 ±0,59 
56.19 ±0.34 
27.50 ± 0.09 
Table 2 
Freundlich constants and p} values obtained from the Freundlich isotherm in single and bi-metal systems 
Time (h) Metal system 
Ni/Cd 
Ni + Cd 
Ni/Cd 
Ni + Cd 
Ni/Cd 
Ni + Cd 
Nickel 
^v 
5.1 X 10"' 
6.0 X lO-" 
9.2 X 10"' 
9.0 X 10"" 
9.4 X 10"' 
1.8 X 10"" 
n 
0.728 
0.281 
0.881 
0.307 
0.891 
0.340 
R^ 
0.968 
0.993 
0.913 
0.842 
0.918 
0.985 
Cadmium 
Hi 
9.9 X SO"' 
20.1 X 10"' 
9.1 X 10"' 
6.9 X 10"' 
10.9 X 10"' 
19.5 X 10"' 
n 
0.918 
1.247 
0.947 
0.894 
1.069 
1.305 
R"-
0.772 
0.9U 
0.629 
0.963 
0.792 
0.995 
To analyze the biosorption of nickel and cadmium ions, 
multiple metal resistant E. coli WSll was selected and 
grown on Luria-Bertani agar and exposed to different 
metal concentrations of nickel and cadmium. The biosorp-
tion of Ni increases from 6.96 to 55.31 mg/g of cell (dry wt.), 
and Cd from 4.96 to 45.37 mg/g of cell (dry wt.) at a concen-
tration ranging from 50 to 400 )ig/ml after 2 h of incubation 
in the single metal solution (Table 1). No significant differ-
ence was observed in the biosorption of metals on increas-
ing the incubation time. Biosorption data of nickel and 
cadmium bv E. WSll revealed that biosorption 
increases as the initial metal concentration in the reaction 
mixture increases. In the bi-metal solution the biosorption 
of Ni at SO i^g/ml concentration decreases from 6.96 to 
1.60mg Ni/g of cell. At 100, 200 and 400fig/ml concentra-
tions the biosorption of Ni after 2h of incubation was 5.45, 
11.22 and 26.89 mg/g of cells and cadmium was 8.14, 14.38 
and 26.42 mg Cd/g of cells (Table 1). 
To determine the biosorption behaviour of nickel and 
cadmium on the cells, Freundlich plots for the adsorption 
of Ni and Cd by WSll isolate were drawn. The Freundlich 
constants {K^ and \ln) along with correlation coefficients 
{R-) were calculated from the Freundlich adsorption iso-
therm for the biosorption of nickel and cadmium. Table 2 
shows that WSl 1 isolate has a higher binding capacity (A'f) 
to nickel in the single metal solution than in the bi-metal 
solution. The value of Kf for Ni in single metal solution at 
diiferent lime intervals (2, 4 and 6h) are 5.1 x 10"', 
9.2 X 10"' and 9.4 x 10"' and the A'j- in bi-metal (Ni + Cd) 
solution are 6.0x10^", 9.0x10"'' and 1.8x10""* respec-
tively. The values of Kf for cadmium in the single metal sys-
tem are 9.9 x 10" '^, 9.1 X 10"'and 10.9 x 10^'at 2, 4 and 6h, 
and in the bi-metal system the A^f are 20.1 x 10"', 6.9 x 10~' 
and 19.5 x 10" 
conditions. 
4. Discussion 
respectively under the same experimental 
Atomic absorption spectrophotometric analysis of 
heavy metals in soil revealed a high level of Fe, Cr, Zn, Ni, 
Cd and Cu. Some of the detected metals are considered to 
be toxic to biological systems. The concentrations of Fe, Cr, 
Zn, Ni, Cd and Cu were comparable to those reported by 
earlier workers in different regions of the country (Bansal, 
1998; Rao and Shantaram, 1999; Malik et al., 2002; Aleem 
etal., 2003). Bansal (1998) reported the mean concentra-
tions of heavy metals in soil irrigated with sewage water 
to be 96-100 ng/g for Zn, 34-36 jig/g for Cu and 7700-8300 
fig/g for Fe, 
The present results showed a high incidence of metal 
resistance as compared to that of uncontaminated soil 
(Aleem et al., 2003) which might have been due to the stra-
tegic position of the area of the study. The results of metal 
resistance in soil bacteria was in agreement with those of 
earlier workers (Trevors etal., 1985; Gachhui etal., 1989; 
Malik and Jaiswal, 2000; Aleem et a!., 2003). Gachhui and 
Coworkers (1989) isolated 43 mercury resistant aerobic 
bacteria from different agricultural fields oi West Bengal 
(India), out of which 25.5% tolerated up to 271.5 i-tg/ml con-
centration of HgCl2. Malik et al. (2002) isolated bacterial 
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